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NUCLEIC ACID CHEMISTRY

• DNA (deoxyribonucleic acid) and RNA 
(ribonucleic acid) store and transfer genetic 
information in living organisms.

 • DNA:
 – major constituent of the nucleus
 – stable representation of an organism’s 

complete genetic makeup
 • RNA:

 – found in the nucleus and the cytoplasm
 – key to information fow within a cell
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THE CENTRAL DOGMA



















GENE STRUCTURE: THE PROMOTER



GENE STRUCTURE: THE PROKARYOTIC 
OPERON



GENE STRUCTURE: THE EUKARYOTIC 



MUTATIONS ARE CLASSIFIED IN 
VARIOUS WAYS

•  
• Spontaneous mutations happen naturally 

and randomly and are usually linked to 
normal biological or chemical processes in 
the organism. 

• Induced mutations result from the 
infuence of an extraneous factor, either 
natural or artifcial.

• Adaptative mutations (from the Lamark 
hypothesys)



MUTATION AND ADAPTATION:

 Jean-Baptiste Lamarck (1744-1829)



MUTATION AND ADAPTATION:

 Ideas largely ignored or attacked during his 
lifetime.

 Never won the acceptance and esteem of 
his colleagues and died in poverty and 
obscurity.

 Today Lamarck is mostly associated with a 
discredited theory of heredity (Lamarckism 
persisted until 1930s/1940s).



MUTATION AND ADAPTATION: 
CHARLES DARWIN (1809-1882)

 Heritable adaptive variation results from 
random mutation and natural selection 
(1859, The Origin of Species).

 Contrary to Larmarck, inheritance of 
adaptive traits does not result from 
induction by environmental influences.

 But differential survival (selection) and 
heritable variation (arising from mutation 
in the DNA sequence).

  



MUTATION AND ADAPTATION: 
CHARLES DARWIN (1809-1882)

 Years following Darwin and rediscovery 
of Mendel resulted in controversy (until 
1930s/1940s) about the relative 
importance of mutation and selection.

 Largely resolved by theoretical and 
empirical work of Fisher, Haldane, and 
Wright.



Population genetics

Wright introduced the most 
compelling metaphor in 

population genetics, known 
as the "adaptive landscape"



MUTATION AND ADAPTATION:
  The Luria-Delbrück 

fuctuation test 
demonstrated that 
mutations are not 
adaptive but occur 
spontaneously.



MUTATION AND ADAPTATION:



MUTATION AND ADAPTATION:
 What is a mutation? 

 Substitution, deletion, or insertion of a 
base pair.

 Chromosomal deletion, insertion, or 
rearrangement.

 Somatic mutations occur in somatic cells and 
only affect the individual in which the 
mutation arises.

 Germ-line mutations alter gametes and 
passed to the next generation.



MUTATION AND ADAPTATION:

 Mutations are quantified in two ways:

1. Mutation rate = probability of a particular 
type of mutation per unit time (or 
generation).

2. Mutation frequency = number of times a 
particular mutation occurs in a population 
of cells or individuals.
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MUTATION AND ADAPTATION: NON 
SENSE MUTATION



MUTATION AND ADAPTATION
•  Lethal mutations interrupt an essential 

process and result in death.

• The expression of conditional mutations 
depends on the environment in which the 
organism fnds itself. A good example is a 
temperature-sensitive mutation.

•  Neutral mutations, the vast majority of all 
mutations, occur in the large portions of the 
genome that do not contain genes and 
therefore have no efect on gene products.



MUTATION AND ADAPTATION



MUTATION AND ADAPTATION
 Detecting environmental mutations:  

Ames Test (after Bruce Ames)

 Ames Test is an
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