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Concepts addressed: 
Classical Genetics and Evolution: Classical Genetics: Mendelian and non-Mendelian inheritance, 
probability, linkage, human genetic disorders, interaction between heredity and the environment  
 
BIOL 120 broadly introduces the following concepts and BIOL 233 expands the details of Mendelian 
inheritance (single genes cause Mendelian traits) compared to non-Mendelian inheritance.  
 
Modern genetics began with Gregor Mendel's quantitative experiments. Mendel crossed pea plants 
that differed in characteristics such as flower color and seed shape, and he traced traits from 
generation to generation. He hypothesized that there are alternative forms of genes (although he did 
not use that term), the units that determine heritable traits. From his experimental data he deduced 
that an organism has two genes (alleles) for each inherited characteristic, one from each parent. A 
sperm or egg carries only one allele of each pair, because allele pairs separate when gametes form. 
This resulted in:  

• Mendel's Law of Segregation states that gene variants (alleles) separate in meiosis as 
chromosomes are packaged into gametes, and each individual receives one copy of each gene 
from each parent.  

• Alleles of a gene reside at the same locus, or position, on homolgous chromosomes.  
• Patterns of single gene transmission and expression depend upon dominance relationships 

and whether a gene is on an autosome or a sex chromosome.  
 

When looking at two characteristics at once, Mendel found that the alleles of a pair separate 
independently of other allele pairs during gamete formation. This resulted in:  

• Mendel's Law of Independent Assortment states that a gene transmitted on one chromosome 
does not influence transmission of a gene on a different chromosome.  

• This law is used to predict the proportions of progeny classes when more than one trait is 
considered (Punnett squares), because inheritance follows the rules of probability. The 
chance of inheriting a recessive allele (a) from a heterozygous (Aa) parent is 1/2. The chance 
of inheriting it from both of two heterozygous parents is 1/2 x 1/2 = 1/4, illustrating the rule of 
multiplication for calculating the probability of two independent events.  

 
There are two ways that a dominant and recessive allele from heterozygous parents can combine in 
an offspring:  

(A) from the father and (a) from the mother, or vice versa. The probability of this occurring is 
1/4 + 1/4 = 1/2 illustrating the rule of addition for calculating the probability of an event that 
can occur in alternative ways.  
 

The inheritance of many human traits, from freckles to many genetic diseases, follows Mendel's 
principles and the rules of probability. To study human genetics, we use family pedigrees to 
determine patterns of inheritance and individual genotypes. Many inherited disorders in humans are 
controlled by a single gene (two alleles). Most such disorders, such as cystic fibrosis and sickle cell 
disease, are caused by autosomal recessive alleles. A few, such as achondroplasia and Huntington's 
disease, are caused by dominant alleles.  
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Medel's principles are valid for all sexually reproducing species, but the genotype often does not 
dictate the phenotyoe in the simple way his principles describe. When an offspring's phenotype - 
flower color, for example - is in between the phenotypes of its parents, it exhibits incomplete 
dominance.  
 
In the population, there often exists multiple alleles for a characteristic, such as the three alleles for 
the ABO blood group. The alleles determining the A and the B blood factors are codominant; that is 
they are both expressed in a heterozygote. A single gene, such as the allele for sickle cell disease, 
may affect phenotype in multiple ways, a phenomenon called pleiotrophy. A single characteristic, 
such as skin color, may be affected by multiple genes, creating a continuum of phenotypes.  
 
Thus, allelic interactions (lethal alleles, multiple alleles) and effects of other genes (pleiotrophy, 
epitasis, incomplete dominance, codominance) and the environment (phenocopy appears to be 
inherited but is environmentally caused) can alter phenotypes, but the laws still operate.  
 
Non-Mendelian inheritance - polygenic trait is determined by more than one gene that each has an 
additive, although not necessarily equal, input, rather than dominance or recessiveness. A polygenic 
trait varies continuously in its expression, and the frequencies of phenotypes form a bell-shaped 
curve.  
 
Linked genes - genes carried on the same chromosome so that traits are inherited together - rather 
than demonstrating independent assortment, produce a large number of parental genotypes and a 
small number of recombinant genotypes. Drosophila melanogaster is the classical example modeled 
in class.  
Inheritance of genes on sex chromosomes - in humans, X-linked recessive traits pass from carrier 
mothers to affected sons and are more severe in males because they have only one X chromosome to 
a female's two. X-linked dominant traits are rare.  

• Hemophilia  
• Sickle cell  
• Color blindness  
• Duchene muscular dystrophy  

 
In female mammals, one X chromosome is inactivated in each somatic cell early in development  
Chromosome health is a matter of balance. Extra or missing chromosomes, or their parts, or inverted 
or rearranged segments can drastically alter the phenotype:  

Extra chromosome sets - polyploidy  
Extra and missing chromosomes - aneuploidy - due to a meiotic error called non-disjunction - 
can result in Down syndrome (trisomy 21) Turner syndrome and Kleinfelter syndrome (sex 
chromosome aneuploids)  


