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CONCEPT: INTRODUCTION TO MICROBIAL GENETICS 
●_______________: the complete set of genetic material in a cell.  
●Gene transfer (sharing of genetic information) between microbes occurs in 2 ways: 
 □ Vertical Gene Transfer: between a parent cell & its offspring via ______________________. 

□ Horizontal Gene Transfer: between 2 organisms that are _________ direct descendants of one another. 
 
 
 
 
 
 
 
 
 
 
 
 
●Gene transfer only occurs in ONE direction (from donor cell to recipient cell). 
 
PRACTICE: What kind of transfer is occurring when two bacterial cells, which are not decedents of one another, exchange 
genetic information?  

a) Perpendicular gene transfer.  
b) Vertical gene transfer.  
c) Direct gene transfer.  
d) Horizontal gene transfer.  

 
PRACTICE: What is the major difference between horizontal and vertical gene transfer?  

a) The type of genetic information being transferred.  
b) The relationship between the cells which are transferring genetic material.  
c) The environment the cells are in during the genetic transfer.  
d) The number of genes being transferred.  
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CONCEPT: INTRODUCTION TO MICROBIAL GENETICS 
Map of the Lesson on Microbial Genetics 
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Based on the map above, which of the following is not a type of horizontal gene transfer?  

a) Conjugation.  
b) Transformation.  
c) Carcinogen. 
d) Transduction.  

 
 
PRACTICE: Based on the map above, all of the following are types of mutations in DNA, except?  

a) Point mutations.  
b) Prototroph mutations.  
c) Induced mutations.  
d) Frameshift mutations.  
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CONCEPT: INTRODUCTION TO MUTATIONS 
●Mutations: permanent ___________________ in the DNA sequence of an organism. 
 □ Can be harmful, beneficial, or neutral in terms of their impact/result on the cell. 
 
Types of Mutations 
●There are MANY different types of mutations that can occur in the cell: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Which of the following mutations, occurring just after the start codon in the mRNA is likely to have the most 
serious effects on the polypeptide product? 

a) Deletion of one codon. 
b) Deletion of one nucleotide. 
c) Insertion of three nucleotides. 
d) Substitution of one nucleotide. 
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CONCEPT: INTRODUCTION TO MUTATIONS 
PRACTICE: A single base substitution is LEAST likely to be deleterious (dangerous) when the change results in _____. 

a) Replacement of a codon specifying a hydrophilic amino acid with a codon that specifies a hydrophobic amino acid. 
b) Replacement of a codon which codes for an amino acid with a stop codon. 
c) The change of a codon specifying a specific amino acid important for the active site of the protein. 
d) Replacement of a codon specifying an amino acid with a redundant codon specifying the same amino acid. 

 
Spontaneous vs. Induced Mutations 
●Mutations can occur in one of ______ ways: 

1) Spontaneous Mutations: random, __________________ occurring mutations.  
2) Induced Mutations: controlled, deliberate mutations _____________ by an external source (ex. mutagen). 

 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: ______ mutations occur randomly & ______ mutations are deliberate & occur due to an external source: 

a) Point ; Spontaneous.    
b) Spontaneous ; Point. 
c) Induced ; Mutagens.  
d) Induced ; Spontaneous. 
e) Spontaneous ; Induced.  
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CONCEPT: METHODS OF INDUCING MUTATIONS  
●Recall: ___________________ mutations are controlled, deliberate mutations that occur due to an external source. 
●In order to increase the mutation rate in bacteria being studied, scientists typically use mutagens. 

□ ________________: chemical or physical agents that cause mutations. 
□ Carcinogens: mutagens that contribute to the development of _____________. 

 
 
 
 
 
 
 
 
 
Chemical Mutagens 
●Chemical Modification: chemicals that _____________ the structure of nitrogenous bases in DNA (ex. alkylating agent). 
 □ Can alter the _________-___________________ ability of nucleotides. 
●Base Analog: chemicals structurally ______________ to nitrogenous bases but with different base-pairing properties.  
●Intercalating Agents: flat molecules that ___________ between 2 base-pairs & increase the chance of point mutation.  
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CONCEPT: METHODS OF INDUCING MUTATIONS  
PRACTICE: 5-Bromouracil is structurally similar to a nucleobase and can be inserted into the DNA and perform base-
pairing. 5-Bromouracil is a base ________ for the base thymine.  

a) Analog.    b)   Agent.         c)   Substitute.           d)   Modification.            e)   Replacement. 

 
PRACTICE: Which of the following statements about mutagens and carcinogens is true?  

a) A mutagen is a chemical or physical agent which causes mutations in DNA.  
b) A carcinogen is chemical or physical agent which causes mutations in DNA that lead to the development of cancer.  
c) All carcinogens are mutagens, but not all mutagens are carcinogens.  
d) All of the above statements are true.  

 
Radiation Mutagens 
●The exposure to certain types of ___________________ can cause mutations to occur. 

□ _______ Light: causes formation of nucleobase dimers that distort DNA structure. 

□ _______________ Dimers: occur when covalent bonds form between adjacent thymine bases in DNA. 
□ DNA replication & transcription can NOT continue past the distortion & the cell dies.  

□ X-Rays: cause single- & double-strand ___________ in DNA. 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Which of the following wavelengths of light cause Thymine dimer mutations? 

a) X-Rays. 
b) Microwaves.  
c) UV light. 
d) Visible light.  
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CONCEPT: PROTOTROPHS VS. AUXOTROPHS 
●Some cell mutations can alter their ____________ factor requirements.  

1) Prototrophs (+): parent strains with NO mutation that do ______ require growth factors (Proto = “original form”). 
 □ Prototrophs can _______________ their own growth factors from other molecules. 
2) Auxotrophs (–): mutants that _______________ additional growth factors. (Auxo = “increase”). 
 □ Auxotrophs have mutations that prevent synthesis of their own growth factors, so they must be provided. 

●____lus signs (+) represent ____rototrophs & minus signs (–) represent auxotrophs.  
EXAMPLE: Histidine prototrophs (His+ cells) vs. Histidine auxotrophs (His– cells). 
 
 
 
 
 
 
 
 
 
 
 
EXAMPLE: Can His+ cells survive on an agar plate that does not contain the amino acid histidine? 

a) Yes, His+ cells can survive on an agar plate without histidine. 
b) No, His+ cells are not capable of surviving on an agar plate without histidine.  

 
 
 
PRACTICE: A mutant strain of bacteria requiring additional growth factors that is not seen in the wildtype strain is called: 

a) An autotroph.      
b) A heterotroph.  
c) A prototroph.     
d) An auxotroph.  
e) A phototroph.  
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CONCEPT: PROTOTROPHS VS. AUXOTROPHS 
PRACTICE: Which of the following answers about His+ prototrophs and His- auxotrophs is incorrect?  

a) His+ prototrophs are the parent bacterial cells with no mutations.  
b) His+ prototrophs require the amino acid histidine to grow.  
c) His- auxotrophs are the mutant bacterial cells which require growth factors to grow.  
d) His- auxotrophs cannot grow without the amino acid histidine.  
e) All of the above answers are correct.  
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CONCEPT: MUTANT DETECTION  
●Scientists can identify mutants using two different methods of detection:  
 1) Direct Selection: only promotes growth of selectable mutants (_____ parents) to select mutant directly & easily. 
  □ Does NOT work for selecting ______________ (since prototrophs always grow where auxotrophs grow).  
 2) Indirect Selection: _______ mutants & parents grow, so mutants must be indirectly selected amongst crowd. 

□ Typically, a more tedious method only used when required for identifying _______-selectable mutants.  
  □ Indirect identification can be accomplished via the method replica plating. 
 
 
 
 
 
 
 
 
PRACTICE: Which of the following is a major difference between direct and indirect selection of mutants?  

a) Direct selection finds selectable mutants while indirect selection finds non-selectable mutants.  
b) Direct selection is able to find auxotroph mutants while indirect selection cannot.  
c) Direct selection only allows the selected mutants to grow while indirect selection allows parent cells and mutants to grow.  

d) Direct selection is a more tedious form of mutant selection than indirect mutant selection.  
e) A and C.  
f) B and D.  

 
PRACTICE: A scientist has a population of His+ prototroph and His- auxotroph cells and wants to select and separate the 
auxotrophs from the prototrophs. Which form of selection should the scientist use?  

a) Indirect selection.  
b) Auxotroph selection.  
c) Direct selection.  
d) Any of the above forms of selection can be used.  

 
 
 

mutant mutant 
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CONCEPT: MUTANT DETECTION  
Replica Plating  
●Replica Plating: technique used to indirectly select for _______-selectable mutants (cannot be directly selected). 
●Involves a series of ____ steps: 
 1) Plate auxotrophs & prototrophs onto _____________ plate & press master plate onto sterile velvet fabric.  
 2) Use velvet fabric to inoculate ____ replicate agar plates (nutrient agar & minimal media). 
 3) Plates are incubated then observed: 
  □ Prototrophs grow on ________ nutrient agar & minimal media plates.  
  □ Auxotrophs ________ grow on the nutrient agar (does NOT grow on minimal media). 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Replica plating is an example of which type of mutant selection?  

a) Auxotroph selection.    c)   Direct selection.  
b) Indirect selection.    d)   Secondary selection.  

 
PRACTICE: What types of bacteria will be growing on the nutrient agar and minimal media at the end of a replica plating 
experiment?  

a) The nutrient agar will possess prototroph bacteria, while the minimal media will possess auxotroph bacteria.  
b) The nutrient agar will possess both prototroph & auxotroph bacteria, while the minimal media will possess 

prototroph bacteria.  
c) The nutrient agar will possess auxotroph bacteria, while the minimal media will possess the prototroph bacteria.  
d) The nutrient agar will possess auxotroph bacteria, while the minimal media will possess both prototroph & 

auxotroph bacteria.  
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CONCEPT: MUTANT DETECTION  
PRACTICE: Why do prototroph bacteria grow on minimal media but auxotroph bacteria do not?  

a) The minimal media does not possess the growth factor the auxotrophs need to grow.  
b) The minimal media does not possess growth factors, but prototrophs do not require growth factors to grow.  
c) The prototrophs outcompete the auxotrophs for the minimal nutrients found in minimal media.  
d) Prototrophs and auxotrophs are not able to grow together on the same plate.  
e) A and B.  
f) C and D.  

 

 
 
 
 
 
 
 
 
 
Based on the image above answer the following two questions:  
 
PRACTICE: Which of the following colonies of bacteria are composed of His- auxotroph bacteria?  

a) A, C, D, F, & H.  
b) B, E, & G.  
c) A, B, E, & F.  
d) All of the colonies are composed of His- auxotroph bacteria.  

 
PRACTICE: What characteristics are true about the colonies living on the minimal media plate?  

a) These colonies do not require histidine to grow.  
b) These colonies are composed of His+ prototroph bacteria.  
c) These colonies do not require growth factors to grow.  
d) There are not His- auxotroph bacteria present in these colonies.  
e) All of the above statements about the colonies living on the minimal media are true.  
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CONCEPT: THE AMES TEST 
●The Ames Test: scientific screening experiment that determines if a chemical is a _______________.  

□ Minimal media lacks Histidine, so only Histidine prototrophs (______) cells can grow. 
□ Expected mutagen ______________ mutation in His- cells making them His+ cells. 
□ The test chemical is a mutagen if _________ His+ cells grow; but not a mutagen if little to no His+ grow. 

 □ The number of colonies formed reflects the mutagenicity (________ colonies = greater mutagenicity). 
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CONCEPT: THE AMES TEST 
PRACTICE: Ames test is a method to:  

a) Test error rate in DNA replication. 
b) Characterize mutation types. 
c) Test mutagenicity of potential hazardous chemicals. 
d) Test proofreading capacities of DNA polymerases during replication (or PCR).  

 
 
PRACTICE: During an Ames test, if the test plate has only a few colonies grown on it like the control plate, this means that: 

a) The chemical is a carcinogen. 
b) The chemical is a mutagen.  
c) The chemical does not cause mutations.  
d) The cells are resistant to mutations. 
e) None of the above are correct.  

 
 
 
PRACTICE: In the Ames test, why do some His+ colonies form even when a mutagenic chemical is not used?  

a) Some bacterial cells will have spontaneous mutations which turns them from His- to His+.  
b) Some bacterial cells will have induced mutations which turns them from His- to His+.  
c) The minimal media induces mutations changing some of the His- bacteria into His+ bacteria.  
d) The cells used to start the experiment were not entirely His- cells.  
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CONCEPT: INTRODUCTION TO DNA REPAIR 
●Even small amounts of __________________ can have tremendous effects on the life of a cell. 
 □ Thankfully, there are multiple DNA _____________ mechanisms in the cell conserved across all domains of life.   
 
 
Map of Lesson on DNA Repair 
 
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Based on the map above, if the cell needed to repair a nucleotide mismatch mutation, which form of repair 
could it use?  

a) Nucleotide excision repair.  
b) DNA Polymerase proofreading.  
c) Mismatch repair.  
d) Photoreactivation.  
e) A and D.  
f) B and C.  

 
PRACTICE: Based on the map above, if one of the bases in a strand of DNA is damaged and needs to be replaced, what 
mechanism will the cell use to repair the DNA?  

a) Mismatch repair.     c) Base excision repair.  
b) Nucleotide excision repair.    d) Photoreactivation.  
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CONCEPT: DNA REPAIR MECHANISMS 
DNA Polymerase Proofreading 
●DNA polymerase can identify & correct _______________ when synthesizing DNA by the process of DNA proofreading. 

 □ DNA _______________________: self-correcting process of DNA polymerase during DNA replication.  
 □ Corrects errors by “backtracking” in a 3’ to 5’ direction & _____________ (removes) the incorrect nucleotide.  
  □ Referred to as 3’ to 5’ ______nuclease activity (cleavage of a nucleotide from the end of DNA). 
 □ Once incorrect nucleotide is removed, DNA polymerase adds _____________ nucleotide & replication continues. 
   
 
 
 
 
 
 
 
 
●While very effective, DNA proofreading is not perfect & the cell requires other types of repair mechanisms. 
 
 
PRACTICE: Which of the following reactions is required for proofreading during DNA replication by DNA polymerase? 

a) 3' - 5' exonuclease activity. 
b) 5' - 3' exonuclease activity. 
c) 3' - 5' endonuclease activity. 
d) 5' - 3' endonuclease activity. 

 
PRACTICE: DNA polymerase proofreading works by removing a mismatched base in the _______ direction, then replaces 
it with the correct base synthesized in the ________ direction. 

a) 5’ to 3’ ; 5’ to 3’. 
b) 3’ to 5’ ; 5’ to 3’.  
c) 3’ to 5’ ; 3’ to 5’. 
d) 5’ to 3’ ; 3’ to 5’. 
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CONCEPT: DNA REPAIR MECHANISMS 
Mismatch Repair 
●When proofreading by DNA polymerase fails to correct a mutation, the cell resorts to _________________ repair. 

 □ Mismatch Repair: fixes mismatched nucleotides by _______________ & re-synthesizing regions of DNA. 
●Recall: The DNA template can be distinguished from new strand via methylation (template is methylated & new is not). 
●Mismatch repair occurs in a series of ______ steps:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Why is methylation important for the mismatch repair mechanism of DNA? 

a) They mark the new strand of DNA. 
b) They mark where proteins need to bind and remove the damaged DNA. 
c) They mark the template strand of DNA. 
d) They are removed to repair the mutation. 
e) They mark where degradation of the new strand must take place.  
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CONCEPT: DNA REPAIR MECHANISMS 
PRACTICE: What kind of DNA damage is repaired using the mismatch repair mechanism? 

a) Point mutations made during DNA replication. 
b) Point mutations caused by chemical mutagens. 
c) Point mutations caused by irradiation. 
d) Double-strand breaks in DNA made during replication. 

Base Excision Repair 
●__________ Excision Repair: mechanism that replaces/repairs damaged nitrogenous bases. 

□ Uses enzymes called glycosylases to identify damaged bases & remove them. 
●Occurs in a series of ____ steps:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: What is the function of DNA glycosylase during base excision repair? 

a) Addition of the correct nucleotide.    d)   Removal of the incorrect nucleotide.  
b) Cleavage of the phosphodiester bond.   e)   Removal of the incorrect nucleobase. 
c) Addition of the correct nucleobase. 
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CONCEPT: DNA REPAIR MECHANISMS 
Nucleotide Excision Repair 
●Recall: Thymine dimers occur when covalent bonds form between _________________ thymine bases in DNA. 
●Thymine dimers can be repaired in two ways: Nucleotide Excision Repair   &   Photoreactivation. 
●Nucleotide Excision Repair: repairs thymine __________ by removing a region of DNA overlapping the dimer. 
●Occurs in a series of ____ steps: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Which of the following statements about nucleotide excision repair and base excision repair is true?  

a) Nucleotide excision repair fixes bulky, helix distorting mutations which encompass multiple nucleotides.  
b) Base excision repair fixes small, non-helix distorting mutations which only include a single, damaged base.  
c) DNA glycosylase proteins are used to fix the DNA in base excision repair.  
d) Thymine dimers are mutations which are commonly repaired using nucleotide excision repair.  
e) All of the above statements are true.  
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CONCEPT: DNA REPAIR MECHANISMS 
Photoreactivation 
●Recall: Thymine dimers may be repaired using photoreactivation. 

 □ Photoreactivation: repairing thymine dimers using the ___________-responsive enzyme photolyase.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: _________ is the enzyme involved in repairing thymine dimers during photoreactivation.  

a) DNA Polymerase.           b)   DNA ligase.            c)   Photoligase.               d)   Photolyase.               e)   DNA lyase.  

 
PRACTICE: Photoreactivation is able to remove what type of mutation?  

a) UV induced double strand breaks in DNA.    c) Mismatches in DNA.  
b) UV induce thymine dimers.      d) Single strand breaks in DNA.  
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CONCEPT: DNA REPAIR MECHANISMS 
SOS Repair System  
●Despite having many repair mechanisms, an organism with extensively damaged DNA expresses the ______ system. 
 □ SOS system: complex repair mechanism activated by the cell when the DNA is extensively damaged.  
 □ Acts as a ________-effort attempt to repair extensively damaged DNA. 
●Involves expression of several genes including a special DNA polymerase that is error prone causing SOS mutagenesis. 
 □ SOS mutagenesis: mutations or errors caused by the DNA polymerase of the SOS DNA repair system. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: SOS repair is mediated by a ______________ DNA polymerase: 

a) Proofreading.      d)   Error-prone. 
b) Mutation-resistant.    e)   Photoactivated.   
c) Single-stranded ongoing synthesis. 

 

PRACTICE: When the DNA is extensively damaged the cell needs to repair the DNA with the SOS repair mechanism. What 
is the negative side effect of the cell using SOS repair? 

a) SOS repair mechanism can make errors in the DNA while attempting to repair larger mutations in the DNA.  
b) SOS repair mechanism consumes an extremely large amount of energy.  
c) SOS repair mechanism stops all other mechanisms in the cell from happening.  
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CONCEPT: HORIZONTAL GENE TRANSFER 
●Recall: Horizontal gene transfer is between 2 organisms that are ______ direct descendants of one another. 
 □ Allows cells to quickly acquire new traits & drives genetic diversity among organisms.  
●There are ____ known mechanisms of horizontal gene transfer in bacteria: 
 1) Transformation: horizontal gene transfer via ____________ of free (naked) DNA in the environment by the cell. 
 2) Transduction: horizontal DNA transfer between cells mediated by a ________________________ virus.  
 3) Conjugation: ____________ horizontal DNA transfer between cells during cell-to-cell contact. 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Which of the following is not a type of horizontal gene transfer? 

a) Transduction.  b)   Transformation.  c)   Transamination.  d)   Conjugation. 
 

Fates of Horizontally Transferred DNA 
●Following horizontal gene transfer there are 3 possible fates of the DNA: 
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CONCEPT: HORIZONTAL GENE TRANSFER 
PRACTICE: All of the following are possible outcomes of horizontally transferred DNA, except which of these answers?  

a) The transferred DNA is turned into a plasmid and replicates with the bacterial cell.  
b) The transferred DNA triggers the degradation of the bacterial chromosome.  
c) The transferred DNA is integrated into the bacterial chromosome and is replicated with the chromosome.  
d) The transferred DNA is degraded by the bacterial cell and has no effect on the cell.  

 
PRACTICE: When DNA is transferred between bacterial cells, there are three possible fates of the transferred DNA. Which 
fate ensures that the transferred DNA will be retained inside of the bacterial cell the longest?  

a) The transferred DNA being integrated into the bacterial chromosome.  
b) The transferred DNA forming a plasmid within the bacterial cell.  
c) The transferred DNA being degraded by the bacterial cell.  

 
Integration of DNA via Homologous Recombination 
●________________________ Recombination: genetic exchange between two similar strands of DNA. 
 □ Only occurs if donor DNA has a _____________ nucleotide sequence to recipient cell’s chromosome. 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Homologous recombination:  

a) Can occur in prokaryotes and eukaryotes.  
b) Occurs when two similar strands of DNA exchange genetic material.  
c) Only occurs in prokaryotes when the donor DNA has the same sequence as the recipient’s DNA.  
d) All of the above are true about homologous recombination.  
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CONCEPT: BACTERIAL TRANSFORMATION 
●Recall: Transformation: horizontal gene transfer by the uptake of free (naked) DNA in the environment by the cell.  
●In order for a cell to transform DNA, it MUST be a ___________________ cell.  

 □ Competent Cells: have the _____________ to transform DNA from the environment.   
 
 
 
 
 
 
 
 
●Cells can be ____________________ competent or induced by chemical treatment. 
 
Mechanism of Natural Transformation 
●Cells that are naturally competent regularly transform DNA from the environment. 

□ Natural transformation occurs in a series of _____ steps: 
 
 
 
 
 
 
 
 
PRACTICE: What does it mean when a bacterial cell is naturally competent?  

a) The bacterial cell is able to transform its chromosomal DNA into RNA.  
b) The bacterial cell is able to transform DNA from their environment.  
c) The bacterial cell is able to degrade viral DNA from attacking viruses.  
d) The bacterial cell is able to take in naked DNA and incorporate that DNA into its genome.  
e) A and C.  
f) B and D.  
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CONCEPT: BACTERIAL TRANSFORMATION 
PRACTICE: Bacterial cells can become competent in two ways, which are: 

a) Spontaneously. 
b) Instinctively. 
c) Horizontally. 
d) Induced. 
e) A and D.  
f) A and C.  
g) B and C.  

 
 
PRACTICE: DNA transformation in bacteria is an important tool for DNA modification and cloning experiments. If the DNA 
being transformed by the bacteria contains antibiotic resistance genes, how does this help the scientists?  

a) Antibiotics will kill any bacteria that did not naturally transform the transferred DNA.  
b) It allows the scientists to identify which bacterial cells are competent and which cells are not.  
c) It allows scientists to remove all bacteria that have not incorporated the experimental genes into their genome.  
d) All of the above are reasons why antibiotic resistance is commonly used in transformation experiments.  
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CONCEPT: TRANSDUCTION 
●Recall: Transduction: horizontal DNA transfer between cells mediated by a bacteriophage virus (or phages). 

□ ______________: bacterial obligate intracellular parasite made of DNA or RNA packed into a protein coat. 
 □ Phage infects cell, replicates, & _________ cell so new phage particles are released.  
●Transduction results from an __________ where bacterial DNA is packaged into the phage creating a transducing particle. 
 □ Transducing Particle: defective phage carrying __________________ DNA instead of its own. 
 
 
 
 
 
 
 
 
 
 
 
 
Types of Transduction 
●There are 2 main types of transduction: 
 1) Generalized: transducing particle ONLY contains ____________________ (not phage) DNA.  
 2) Specialized: transducing particle contains ________ bacterial & phage DNA. 
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CONCEPT: TRANSDUCTION 
PRACTICE: Transduction is a form of horizontal gene transfer which requires a carrier for the genetic information being 
transferred. What is this carrier and what is it made of?  

a) Transduction particle made of a human virus carrying bacterial DNA.  
b) Transformation particle made of bacteriophage carrying human DNA.  
c) Transduction particle made of a bacteriophage carrying bacterial DNA. 
d) Transduction particle made of a bacteriophage carrying viral DNA. 

 
1) Generalized Transduction 
●Recall: _______________________ Transduction: transducing particle ONLY contains bacterial (not phage) DNA. 
 □ Can transfer any of the general genes of the donor bacterial cell.  
●Phage infects donor cell where it constructs new phage particles & _____________________ particles (by mistake). 

□ Transducing particle attaches to recipient & injects donor DNA that ______________ into the cell’s chromosome.   
  
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Generalized transduction includes all of the following steps except which of these answers?  

a) Donor DNA integrates into the recipient cell’s chromosome.  
b) The recipient cell takes in naked DNA from the environment.  
c) The donor cell is infected by a bacteriophage.  
d) The donor cell creates transduction particles containing donor cell DNA.  

 

MICROBIOLOGY - CLUTCH 1E

CH. 17 - MICROBIAL GENETICS

Page 27



CONCEPT: TRANSDUCTION 
2) Specialized Transduction 
●Recall: _______________________ Transduction: transducing particle contains BOTH bacterial & phage DNA. 
 □ Only transfers very specific (or specialized) genes of the donor bacterial cell.  
●Phage DNA integrated into the donor cell’s chromosome generates a ________________.  

 □ Prophage: phage DNA that is ______________________ in a cell’s chromosome. 
●When prophage is excised, part of the donor cell’s _______________________ DNA is excised with it. 

□ Phage assembly produces transducing particles carrying ________ phage & bacterial/donor DNA. 
□ Injected bacterial DNA may _________________ into the recipient’s chromosome & phage DNA is degraded. 

   
 
 
 
 
 
 
 
PRACTICE: Which of the following processes results in a transducing particle? 

a) Transformation. 
b) Transduction 
c) Conjugation. 
d) DNA replication. 

 
 
PRACTICE: A prophage is:  

a) Viral DNA that has been incorporated into the bacterium’s DNA. 
b) A phage carrying bacterial DNA.  
c) Donor DNA that has been incorporated into the recipient’s DNA. 
d) A phage carrying bacterial and viral DNA.  
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CONCEPT: TRANSDUCTION 
PRACTICE: Which of these answers is a major difference between generalized and specialized transduction?  

a) The types of genes that are transferred between donor and recipient bacteria.  
b) The type of DNA found in the transducing particles.  
c) The presence of prophage DNA.  
d) All of the above are major differences between generalized and specialized transduction.  

 
 
PRACTICE: In both generalized and specialized transduction only one cell survives this process. Which cell does not 
survive the process of transduction and why?  

a) The recipient cell lyses after it binds with the transducing particle.  
b) The donor cell lyses after being infected by the bacteriophage.  
c) The transducing cell degrades after phage DNA incorporates into the cell’s chromosome.  
d) All of the cells survive the process of transduction.  

 
 
PRACTICE: How are the processes of bacterial transformation and bacterial transduction similar?  

a) Transformation and transduction transfer DNA between cells via a bacteriophage carrier.  
b) Only competent cells can perform transformation and transduction.  
c) Both transformation and transduction are a form of horizontal gene transfer.  
d) All of the above are similarities between transformation and transduction.  
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CONCEPT: INTRODUCTION TO CONJUGATON 
●Recall: Conjugation is the direct transfer of DNA between two bacterial cells making cell-to-cell ________________. 
 □ Requires a donor cell & a recipient cell. 

□ Can be the transfer of a _________________, or part of the donor cell’s chromosome.  
There are _____ main types of conjugation: 
 1) ____ Plasmid Conjugation  2) ______ Cell Conjugation   3) ____ Plasmid Conjugation  
 
 
 
       
 
 
 
 
 
 
 
 
PRACTICE: How is conjugation different from the two other forms of horizontal gene transfer, transformation and 
transduction?  

a) Conjugation directly transfers DNA from donor to recipient cell.  
b) Conjugation requires a phage to transfer the DNA between cells.  
c) Conjugation requires a donor and a recipient cell.  
d) Conjugation allows the recipient cell to take in free DNA from the environment.   
e) A and D.  
f) B and C.  
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CONCEPT: CONJUGATION: F PLASMIDS 
●Conjugation requires the presence of a special type of plasmid called a conjugative plasmid.  

□ ______________________ plasmids: plasmids that direct their own transfer to a recipient cell via conjugation.  
   
F Plasmid 
●_____ (Fertility) Plasmid: the best studied example of a conjugative plasmid (discovered in E. coli). 

□ ______ Cell: a cell that contains the entire F Plasmid (donor cell) that synthesizes the F pilus for conjugation. 
□ ______ Cell: a cell that does NOT contain the entire F plasmid (recipient cell).  

  □ F– cell may contain a portion of the F plasmid BUT does _______ have an F pilus to initiate conjugation. 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: During conjugation, the ____ cell transfers its ___________ to the recipient cell. 

a) F+; chromosome   d) F-; plasmid 
b) F+; plasmid    e) None of the above 
c) F-; chromosome 

 

PRACTICE: What is the purpose of the conjugative plasmid in conjugation?  
a) Causes the bacterial cell to begin binary fission.  
b) Directs the process of conjugation.  
c) Carries the genes required for conjugation.  
d) Carries the genes for the transducing particle.  
e) A and D.  
f) B and C.  
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CONCEPT: CONJUGATION: F PLASMIDS 
Mechanism of F Plasmid Conjugation in E. coli  
●Transfer of the F Plasmid from an F+ cell to an F– cell involves a series of steps: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: What is the process where DNA is transferred from one bacterial cell to another through a pilus?  

a) Horizontal gene transfer by conjugation.  
b) Horizontal gene transfer by transduction.  
c) Horizontal gene transfer by transformation.  
d) Vertical gene transfer by transduction.   
e) Vertical gene transfer by transformation.   
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CONCEPT: CONJUGATION: F PLASMIDS 
PRACTICE: Which of the following statements about conjugation is true?  

a) Transferring DNA between cells in conjugation requires a virus carrier.  
b) The donor and recipient cell must be in direct contact (touching) to transfer DNA.  
c) Conjugation can only occur between bacteria of the same species.  
d) Conjugation can occur with or without a conjugative plasmid.  

 
 
PRACTICE: Which of the following statements about conjugation is false?  

i. Conjugation is a form of horizontal gene transfer.  
ii. Conjugation forms a bridge between two bacterial cells called a plasmid.  
iii. Conjugation involves the transfer of genetic information via bacteriophages.  

 
a) i only.  
b) ii only.  
c) iii only.  
d) i and ii only.  
e) ii and iii only.  
f) i and iii only.  

 
 
PRACTICE: For a bacterium to be able to conjugate it must possess a _____ with genes that encode a _____.  

a) Nucleoid; plasmid.  
b) Plasmid; pilus.  
c) Nucleoid; pilus.  
d) Pilus; plasmid. 
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CONCEPT: CONJUGATION: HFR & F’ CELLS 
Hfr Cell Conjugation 
●F plasmids have the __________________ ability to integrate & excise/remove itself from the host chromosome.  
●Hfr (High Frequency of Recombination) cells: have an F plasmid ________________ into their chromosome. 
 □ Hfr cells are the donor cells in the transfer of _______________________ DNA via conjugation. 
●Conjugation of an Hfr cell’s chromosomal DNA is SIMILAR to F plasmid conjugation in E. coli.   
●Hfr cells make F pilus to conjugate with F– cells, BUT entire integrated plasmid is NOT transferred (recipient stays _____). 
 □ Only small _________________ of the donor Hfr cell’s chromosomal DNA & F plasmid are transferred. 
 □ Transferred DNA in F– recipient cell is either _________________ into the chromosome or degraded. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Hfr strains of bacteria: 

a) Do not have an F plasmid. 
b) Have an F plasmid. 
c) Have an F factor integrated in the bacterial chromosome. 
d) Have a partial F plasmid as a linear fragment in the cytoplasm. 
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CONCEPT: CONJUGATION: HFR & F’ CELLS 
PRACTICE: What is transferred between two bacterial cells in Hfr conjugation?  

a) A small portion of the integrated F plasmid from the Hfr donor cell.  
b) A small, random portion of the Hfr donor’s cells chromosome.  
c) A small portion of the Hfr donor cell’s chromosome and integrated F plasmid.  

 
F’ Cell Conjugation 
●Recall: F plasmid integration is reversible & can regenerate F+ cells when the _________ F plasmid DNA is excised. 

□ HOWEVER, excision process is error prone (donor DNA can be excised with F plasmid creating _____ cells). 
 □ F’ cells: have an excised F plasmid containing a fragment of the cell’s ______________________ DNA. 
●F’ cells conjugate with F– cells, transferring chromosomal DNA & the entire F plasmid (recipient becomes _____). 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Which of the following statements about bacterial cells and plasmids is false?  

a) F- cells do not possess any form of a plasmid.  
b) F+ cells possess an F plasmid which is separate from the bacterial chromosome.  
c) Hfr cells possess a plasmid that replaces the bacterial chromosome entirely.  
d) F’ cells possess an F’ plasmid which contains plasmid DNA and some bacterial chromosomal DNA.  
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CONCEPT: GENOME VARIABILITY 
●Over years scientists have discovered that different strains of a single species have high genome ___________________. 
●The genome of all strains within a species is composed of 2 elements: 

1) Pan-genome: ______ of the genes in every strain of a species.  
2) Conserved or _________ Genome: ONLY the genes that are conserved/shared by every strain of a species.  

 
 
 
 
 
 
 
 
 
 
 
Mobile Genetic Elements Map 
●High variability between genomes is significantly attributed to ___________ Genetic Elements. 
 □ Mobile Genetic Elements (MGEs): segments of DNA that can _________ from one DNA molecule to another.   
 □ Examples include plasmids, transposons, genomic islands, & phage DNA. 
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CONCEPT: GENOME VARIABILITY 
Plasmids 
●_____________: circular double-stranded DNA molecules with an origin of replication allowing them to replicate in a cell.  
 □ High copy-number plasmids replicate ___________ in a cell & low-copy-number plasmids replicate __________. 
 □ Carry various genes, some of which provide cells the ability to _________________ a particular environment.  
●Resistance Plasmids (____ Plasmids): encode genes that confer resistance to antibiotics (R genes). 
  □ Most are conjugative plasmids containing genes required for DNA transfer by conjugation. 
 
 
 
 
 
 
 
 

 
Transposons in Prokaryotes 
●Transposons (Jumping Genes): pieces of DNA that ________ locations in a cell’s genome by the process transposition. 

 □ ____________________: the movement of a transposon between locations of a cell’s genome. 
 □ Transposons encode for the enzyme transposase which catalyzes the insertion. 
 □ Insertional ____________________: when the gene that the transposon “jumps” into becomes inactivated.  
 
 
 
  
 
 
 
 
 
PRACTICE: Transposons encode the enzyme _________ which catalyzes the insertion of the transposon. 

a) DNA glycosylase.           b)   Excisionase.           c)  Transposase.           d)   DNA polymerase.          e)   Integrase. 
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CONCEPT: GENOME VARIABILITY 
Genomic Islands 
● Genomic ____________: large regions of a bacteria’s chromosome that originated in a different species. 
 □ Identified by a unique ratio of ____-____ base pairs compared to the rest of the chromosome. 

□ Pathogenicity Islands: genomic islands containing genes giving the cell the ability to cause _______________.  
 

 

 

 

 

 

 

 

 

 

 

PRACTICE: Which of the following answers about genomic islands is a true statement?  
a) Genomic islands create genetic variability within a species.  
b) Genomic islands originated from a different species than the one they currently reside in.  
c) Genomic islands can hold pathogenic genes which allows the bacteria they reside in to cause disease.  
d) All of the above are true statements about genomic islands.  

 

Phage DNA 
●Recall: ____________ are particles of DNA or RNA surrounded by a protein coat. 

□ Certain types of phages insert their DNA into a host cell chromosome creating a prophage. 
 □ Prophage is replicated along with the remainder of the chromosome & passed on to the progeny of cells. 
 
 
 
 
 
 

Prophage 

Phage DNA 
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CONCEPT: CRISPR CAS  
●___________-CAS System: bacterial cell defense mechanism against various phage infections. 

□ CRISPR stands for: ___lusters of ___egularly ___nterspersed ___hort ___alindromic ___epeats. 

● Protects cell from infections it once encountered by storing pieces of _________ DNA in the chromosome called spacers. 
 □ Protein complex in the cell __________________ phage DNA into fragments. 
 □ Phage DNA fragments in the chromosome act as a record of previous phage infections. 
●During a phage infection, the cell _______________________ the fragments of various phage DNA.  
 □ Transcribed RNA forms a complex with an enzyme (Cas). 
 □ Cas-RNA complex targets infecting phage DNA & cuts it to _____________________ phage.  
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: 
 
PRACTICE: What is CRISPR?  

a) Sequences of bacterial DNA derived from viral DNA fragments.  
b) A gene editing tool.  
c) A bacterial defense mechanism against viral infections.  
d) All of the above.  

 
PRACTICE: The enzyme which targets phage (viral) DNA and destroys it before it can infect the bacterial cell is known as?  

a) Cas.      c) Spacer.  
b) CRISPR.     d) Phage.  
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