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MICROBIAL GENETICS 

 
Dr. Hala AL- DAGHISTANI 



   Genetics is the science of heredity 
 

The genetic informations in a cell is called the Genome. 
  
A cell's genome (chromosomes and plasmids).  
 
Chromosomes are structures containing DNA that physically carry 
hereditary information's; the chromosomes contain the Genes; Genes 
are segments of DNA 
 
The DNA within a cell exists as long strands of nucleotides twisted 
together in pairs to form a double helix. 
 
Each strand has a string of alternating sugar and phosphate 
groups (phosphate backbone), and a nitrogenous base is attached to 
each sugar in the backbone. 
 
The two strands are held together by hydrogen bonds between their 
nitrogenous bases. The base pairs always occur as:  A always pairs 
with T, and C always pairs with G 
 

The two strands of DNA are Complementary. 
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THE Genetic code, the set of rules that determines how a 

nucleotide sequence is converted into the amino acid 
sequence of a protein 
  

Genotype of an organism is its genetic makeup, the 
information that codes for all the particular characteristics of 
the organism.  
  

Phenotype refers  to the actual express properties, such 
as the organism's ability to perform a particular chemical 
reaction.  
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                    DNA AND CHROMOSOMES 
 
Bacteria typically have a single circular chromosome  
consisting of a single circular molecule of DNA with 
associated proteins. 
 
The chromosome is looped and folded and attached at one 
or several points to the plasma membrane. 
  
(Replication): The DNA of a cell replicates before cell 
division so that each offspring cell receives a chromosome 
identical to the parent's. 
 
 (Protein Synthesis): Within each metabolizing cell, the 
genetic information  contained in DNA Transcribed into 
mRNA and then Translated into protein.  
 



Copyright © 2006 Pearson Education, Inc., publishing as Benjamin Cummings 

E. coli 



                                    
                                 

                                     DNA REPLICATION 
 
One "parental" double-stranded DNA molecule is converted to two 
identical "daughter" molecules? 
  
One strand can act as a template for the production of the other 
strand. 
  

The point at which replication occurs is called the  (Replication 
fork). 
  
Replication begins when the supercoiling is relaxed by 

Topoisomerase or Gyrase, and the two strands of parental 

DNA are separated by Helicase. 
  
The newly added nucleotide is joined to the growing DNA strand by 

an enzyme called DNA polymerase.  

 



Because each new double-stranded DNA molecule contains one 
original (conserved) strand and one new strand, the process of 
replication is referred to as Semiconservative Replication. 

 
The structure of DNA affects the replication process  because DNA 
polymerases can add new nucleotides to the 3' end only. Therefore, 
as the replication fork moves along the parental DNA, the two new 
strands must grow in different directions. 
 

 Leading strand (DNA polymerase Can work only in the 5' to 3' 
direction, so it replicates the leading strand continuously ) 
 
 
 
 
 
 

 

 



 

 Lagging strand 

 
• because the direction of synthesis (5’ -> 3’) is opposite to fork 
movement, the lagging strand is synthesized in form of multiple DNA 
(okazaki) fragments 
 
• primer synthesis performed by RNA polymerase (primase) 
 
• DNA synthesis performed by DNA polymerase III 
 
• RNA primer removal and fill-in with DNA by DNA polymerase I 
 
• Okazaki Fragments are ligated together by DNA ligase to form one 
continuous strand 
 
DNA replication is an amazingly accurate process. Mistakes are 
made at a rate of only 1 in every 1010 bases incorporated. Such 
accuracy is largely due to the Proofreading capability of DNA 
polymerase.  
 



Replication fork 
Replication in 5'  3' direction 



Protein Synthesis 

 
How is the information in DNA used to make the 

proteins that control cell activities?  
In the process of transcription, genetic information in DNA is 

copied, or transcribed, into a complementary base sequence of 

RNA.  

The cell then uses the information encoded in this RNA to synthesize 

specific proteins through the process of translation. 

 

There are three kinds of RNA in bacterial cells:  

- Messenger RNA 

- Ribosomal RNA 

- Transfer RNA.  

 Messenger RNA (mRNA) carries the coded  information's for making 

specific proteins from DNA to ribosome, where proteins are synthesized 

and replaces it with DNA. 

 



During transcription, a strand of mRNA is synthesized using a specific 

portion of the cell's DNA as a template.  

 

The genetic information stored in the sequence of nitrogenous bases of 

DNA is rewritten so that the same information appears in the base 

sequence of mRNA.  

 

G in the DNA template  dictates a C in the mRNA being made, a C in the 

DNA template dictates a G in the mRNA, and a T in the DNA template 

dictates an A in the mRNA.  However, an A in the DNA template dictates a 

uracil (U) in the mRNA, because RNA contains U instead of T.  

 
If the template portion of DNA has the base sequence 3' - ATGCAT, the 

newly synthesized mRNA strand will have the complementary base 

sequence 5' – UACGUA. 

  

The process of transcription requires both an enzyme called RNA  

polymerase and a supply of RNA nucleotides 
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TRANSCRIPTION begins when RNA polymerase binds to the 
DNA at a site called the Promoter. Only one of the two DNA 
strands serves as the template for RNA synthesis for a given 
gene. 
 
Like DNA, RNA is synthesized in the 5' - 3' direction. 
 
Synthesis continues until RNA polymerase reaches a site on 
the DNA called the Terminator  
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             Transcription 
 RNA polymerase binds to promotor sequence 

 proceeds  
in 5'  3'  
direction 

 stops when 
it reaches  
terminator  
sequence 

 

Fig 8.7 



   
 Translation involves decoding the of nucleic acids and converting 
that information into proteins. 
  
The language of mRNA is in the form of codons. Groups of  3 
nucleotides, such as AUG, GGC, or AAA. The sequence of codons 
on an mRNA molecule determines the sequence of amino acids 
that will be in the protein being synthesized. 
  
Each codon for a particular amino acid (genetic code)  
  
There are 64 possible Codons but only 20 amino acids.  
Most amino acids are signaled by several alternative codons 

(Degeneracy).  e.g., Leucine has 6 codons, and alanine has 4 
codons.  
 
Of the 64 codons, 61 are Sense codons, and 3 are Nonsense 
codons.  Sense codons code for amino acids, and nonsense 
codons (also called stop codons) do not.  
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The start codon that initiates the synthesis of the protein molecule is 

AUG, which is also the codon for methionine. 
  
In bacteria, the start AUG codes for formylmethionine rather than the 
methionine found in other parts of the protein.  
 
 
The stop codons  that terminate protein synthesis are:  
  

UAA, UAG, UGA 
 
  









Mutations 
Change in genetic material. 

1. Point mutations = base pair substitution (silent, 
missense, nonsense) 

2. Frameshift mutations = Insertion or deletion of one 
or more nucleotide pairs 



TYPES OF MUTATIONS 
 

A.   Single Base Pairs is Base Substitution ( Point Mutation) 
in which a single base at one point in the DNA sequence is replaced with a 
different base.  When the DNA replicates, the result is a substituted base pair.  
 

Silent mutation occur when there is no change in a.a (Redundancy of code) 
  
If the base substitution results in an amino acid substitution in the synthesized 

protein, this change in the DNA is known as a Missense Mutation.The effect of 
such mutations can be dramatic. For example, sickle cell disease is caused by a 
single change in the gene for globin, the protein component of hemoglobin.  
  
Some base substitutions effectively prevent the synthesis of a complete 
functional protein; only a fragment is synthesized,  by creating a nonsense 
(stop) codon in the middle of an mRNA molecule.  A base substitution resulting 

in a nonsense codon is thus called a Nonsense Mutation  
 

B. Frameshift Mutations, in which one or a few nucleotide pairs are 
Deleted or Inserted in the DNA . This mutation can shift the translational reading 
frame" - that is, the three-by-three grouping of nucleotides recognized as 
codons during translation  
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Spontaneous mutation rate  10-6  1 mutation per 
million replicated genes 
 

mutagens increase mutation rate 10 – 1000x 
 



 
Transfer of genetic materials 
 
A. Transformation 
B.   Conjugation 
C.   Transduction 

 
 



Copyright © 2006 Pearson Education, Inc., publishing as Benjamin Cummings 

Transformation 

“Naked” DNA  transfer 

Recipient cells have to be “competent” 

Occurs naturally among very few genera (G+ and G–) 

Simple laboratory treatment will make E. coli 

competent  
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 DNA fragments from 
environment get 
recombined into the 
chromosome. 

 Natural mechanisms of 
DNA uptake vary 
among bacteria. 

 Artificially facilitated by 
chemically treating 
cells (competent cells), 
or by electrical pulse. 



Griffith’s Experiment to Demonstrate Genetic 
Transformation 
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Conjugation 

 Plasmid and chromosomal DNA  
transfer via direct cell to cell contact 

 F+ = donor cell. Contains F plasmid  
(factor) and produces conjugation  
(F) pilus (“sex pilus”) 

 Recipient cell (F– ) becomes F+  

 In some cells F factor integrates into 
chromosome  Hfr cell   

 R plasmids (R factors) are also transferred 
via conjugation 
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          Transduction 

 DNA Transfer from donor 

to recipient cell with help of 

bacteriophage  

(Transducing phage) 
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Transduction • Viruses of bacteria are called a 
phage. 

• Phage protein coat 
surrounding DNA is called a 
capsid. 

• During phage replication and 
assembly, capsids may package 
chromosomal or plasmid DNA 
by mistake.   

• When transferred to a new host 
it may recombine. 

Transducing 

particle 


