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Terminology

• Genetics Study of what genes are, how they 
carry information, how information is 
expressed, and how genes are
replicated

• Gene Segment of DNA that encodes a 
functional product, usually a protein
harmful
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Terminology

• Genome All of the genetic material in a cell
• Genomics Molecular study of genomes
• Genotype Genes of an organism
• Phenotype Expression of the genes
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E. coli

Figure 8.1a
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• Change in the genetic material
• Mutations may be neutral, beneficial, or harmful
• Mutagen: Agent that causes mutations
• Spontaneous mutations: Occur in the absence of a 
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• Base substitution 
(point mutation) 

• Missense mutation

Mutation

Figure 8.17a, b
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• Nonsense mutation

Mutation

• Results in a nonsense 
codon

Figure 8.17a, c
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• Frameshift mutation

Mutation

Figure 8.17a, d

•Insertion or deletion of one 
or more nucleotide pairs
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• Third type of mutation is transposons or insertion 
sequences.

• Mutations can be caused by chemical, radiation or 
viruses.
• - nitrous acid & alkylating agents (A-T) to (A-C)
• - 5-bromouracil (A-T) to (G-C)
• - benzpyrene in tobacco smoke (frameshift mutation)
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• Ionizing radiation (X rays and gamma rays) causes the 
formation of ions that can react with nucleotides and 
the deoxyribose-phosphate backbone.

• Nucleotide excision repairs mutations

• Mu (mutator bacteriophage)

• Conditional lethal mutations: (are of medical interest)

Mutation

É es mu virus
rush

in e coli
nypermutationsseei am isnote t genomes b es edinsertion in a ii r Iti on imutationis s smanydifferentsitesofhis

covalentBond highenergy one xray fetaBreaking

Dna sdamage Édeoxyribosephosphate

freeradical21
tag o IIIsie im is so

hydrogenbonds

sisnotgoodBindings
of EG and
A T



experimental of

skinstumors Ki isIsis's 3 optimumex it is Iris a virus I Iet

go

ÉÉ
tumor's 4 nine saw my b 42 I am pion faint'd
go FestigattiesgoTumornon awl skin it mutations so I

Ew wnouvirutilled ginfluenzavaccine s
mutations is imi smi

fitemagglutinin
ignores

my

d d

at Its wig onintramuscular

in delton

lactatingsi pregnant immunocompromised It m

mutations b Cationinhalation bi p Tse met a

5 37 p e e
its upperpartofrespiratory nig

ioropharynx tract

f lung Broner

65 lung w swim 28 I
vaccine is it a c

epithelial is 6 b k pref É
immune f s allresponse neutralizing by y si d Émemory antibodiesTcells cells

lungJis Bronchioless s tees.ws visas
infectionis



Copyright © 2004 Pearson Education, Inc., publishing as Benjamin Cummings

• UV radiation 
causes thymine 
dimers

• Light-repair 
separates thymine 
dimers

Mutation

Figure 8.20
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• Spontaneous mutation rate = 1 in 109 replicated base 
pairs or 1 in 106 replicated genes

• Mutagens increase to 10–5 or 10–3 per replicated 
gene

The Frequency of Mutation
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Selection

• Positive (direct) selection detects mutant cells because 
they grow or appear different.

• Negative (indirect) selection detects mutant cells 
because they do not grow.
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Replica Plating

Figure 8.21
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• Vertical gene transfer

 
• Horizontal gene 

transfer

Genetic Transfer and Recombination

•Occurs during 
reproduction, between 
generations of cells
•Transfer of genes between 
cells of the same 
generation
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Transformation

Figure 8.24
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Recombination

Figure 8.25
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Conjugation

Figure 8.27a
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Conjugation

Figure 8.27b
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Conjugation

Figure 8.27c

wis I intine
ie g too2 soilinfewmin is conjugating

in i it is js.IT

9
b in so i

reactoras plasmid so

QWia
mating

Fall



Copyright © 2004 Pearson Education, Inc., publishing as Benjamin Cummings

• Exchange of 
genes between 
two DNA 
molecules
• Crossing over 

occurs when 
two 
chromosomes 
break and 
rejoin

Genetic Recombination

Figure 8.23
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Transduction

Figure 8.28

Recombinant
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Phage protein coat
Bacterial 
chromosome

2

3

Bacterial 
DNA

Phage 
DNA

4
Recipient cell

5

Donor 
bacterial 

DNA

Recipient 
bacterial 

DNA
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A phage infects the 
donor bacterial 
cell.

Phage DNA and proteins 
are made, and the 
bacterial chromosome is 
broken down into pieces.

Occasionally during phage assembly, 
pieces of bacterial DNA are packaged 
in a phage capsid. Then the donor cell 
lyses and releases phage particles 
containing bacterial DNA.

A phage carrying bacterial 
DNA infects a new host cell, 
the recipient cell.

Recombinant can occur, 
producing a recombinant 
cell with a genotype 
different from both the 
donor and recipient cells.
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• Conjugative plasmid Carries genes for sex
 pili and transfer of the
 plasmid

• Dissimilation plasmids Encode enzymes for
 catabolism of unusual
 compounds

• R factors Encode antibiotic
 resistance

Plasmids
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Plasmids

Figure 8.29
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• Segments of DNA 
that can move from 
one region of DNA 
to another

• Contain insertion 
sequences for 
cutting and resealing 
DNA (transposase)

• Complex 
transposons carry 
other genes 

Transposons

Figure 8.30a, b
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• Constitutive enzymes are expressed at a fixed rate
• Other enzymes are expressed only as needed

• Repressible enzymes
• Inducible enzymes

Regulation of Bacterial Gene Expression
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Repression

Figure 8.13

repressible g
registry

t
operon

m minducible

tri
operator

it is is w
em
mRNA

Ms 4m



Copyright © 2004 Pearson Education, Inc., publishing as Benjamin Cummings

Operon

Figure 8.14.1
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Regulation of Gene Expression

Figure 8.14.2
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Regulation of Gene Expression

Figure 8.14.3
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Regulation of Gene Expression

Figure 8.14.4
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Regulation of Gene Expression

Figure 8.14.5
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Regulation of Gene Expression

Figure 8.15
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