
Prof. Dr. H. D. El-Yassin 
Ph.D. Post Doctorate 2012 

1 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[2013] 

[Prof.Dr. Hedef Dhafir El-Yassin] 

I. [DNA MUTATIONS AND THEIR REPAIR] 

II.  [Structure and Classification of 

Viruses] 



Prof. Dr. H. D. El-Yassin 
Ph.D. Post Doctorate 2012 

2 

 

DNA MUTATIONS AND THEIR REPAIR 
 

Objectives: 

1. Define mutations 

2. What are their causes? 

3. Learn about mutant DNA repair 

MUTATIONS: are any permanent changes in the genetic material (usually DNA or 

RNA) of a cell. 

Mutations can be caused by copying errors in the genetic material during cell 

division and by exposure to radiation, chemicals, or viruses, or can occur 

deliberately under cellular control during the processes such as meiosis or 

hypermutation. 

Mutagenesis is the process by which mutations arise. Both words originate from 

the Latin mutare, to change. 

 

 Point mutations are usually caused by chemicals or malfunction of DNA 

replication and exchange a single nucleotide for another. Most common is the 

transition that exchanges a purine for a purine or a pyrimidine for a pyrimidine 

(A ↔ G, C ↔ T). A transition can be caused by nitrous acid, base mispairing, or 

mutagenic base. Less common is a transversion, which exchanges a purine for a 

pyrimidine or a pyrimidine for a purine (C/T ↔ A/G). A point mutation can be 

reversed by another point mutation, in which the nucleotide is changed back to 

its original state (true reversion) or by second-site reversion (a complementary 

mutation elsewhere that results in regained gene functionality). Point mutations 
are called silent, missense or nonsense mutations, depending on whether the 
erroneous codon codes for the same amino acid (silent), a different amino 
acid (missense) or a stop, which can truncate the protein (nonsense).  
Original DNA molecule     

 

 

 

 

 

 

 

http://en.wikipedia.org/wiki/Genetic_material
http://en.wikipedia.org/wiki/DNA
http://en.wikipedia.org/wiki/RNA
http://en.wikipedia.org/wiki/Cell
http://en.wikipedia.org/wiki/Cell_division
http://en.wikipedia.org/wiki/Cell_division
http://en.wikipedia.org/wiki/Cell_division
http://en.wikipedia.org/wiki/Radiation
http://en.wikipedia.org/wiki/Virus_%28biology%29
http://en.wikipedia.org/wiki/Meiosis
http://en.wikipedia.org/w/wiki.phtml?title=Hypermutation&action=edit
http://en.wikipedia.org/wiki/Point_mutation
http://en.wikipedia.org/wiki/Nucleotide
http://en.wikipedia.org/wiki/Purine
http://en.wikipedia.org/wiki/Pyrimidine
http://en.wikipedia.org/wiki/Nitrous_acid
http://en.wikipedia.org/wiki/Amino_acid
http://en.wikipedia.org/wiki/Protein
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ACGAGTGTGCGATCACCT 

 

      Transcription  

Insertion 

of extra 

T unit 

mRNA   UGCUCACACGCUAGUGGA 

 

     Translation 

 

Peptide   Cys Ser His Ala Ser Gly 

 

        

Extra unit 

 

Mutant DNA    ACGATGTGTGCGATCACCT 

 

       

Transcription 

 

Mutant mRNA   UGCUACACACGCUAGUGGA 

 

       Translation 

 

Mutant peptide     Cys Tyr Thr Arg 

 

The mutant peptide not only has the incorrect order of amino acids but also 

shorter. 
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Causes of mutation 

Two classes of mutations are spontaneous mutations (naturally occurring) and 

induced mutations caused by mutagens. 

Spontaneous mutations on the molecular level include: 

a. Errors in replication. If a base that is noncomplementory to the template 

base added during replication, then a mispairing or mismatch occurs. This 

leads to a mutation during the next round of replication if the error is not 

repaired. 

b. Errors that occur during recombination events. (Recombinant DNA: 

molecules of DNA formed by inserting portions of DNA from one 

organism into DNA of another. 

c. Tautomerism  

a. Keto ↔ Enol  

b. Amino ↔ Imino  

An example of a spontaneous transition 

results from the tautomerization of 

adenine to generate a form, which can 

base pair with cytosine. An amino group (-

NH2) tautomerizes to an imino group 

(=NH) (other tautomers can form from a 

keto group (-C=O) changing to an enol 

group (-C-OH)): 

d. Substitutions - one base is replaced 

by another. If this mutation occurs within the coding sequence of a gene, 

it may lead to the use of a different amino acid or generate a stop codon. 

Substitutions fall into two categories:  

o Transitions - one purine is replaced by another (A -> G or G -> A), or 

one pyrimidine is replaced by another (C -> T or T -> C)  

o Transversions - a purine is replaced by a pyrimidine (A -> C or T; G -

> C or T), or a pyrimidine is replaced by a purine (C -> A or G; T -> A 

or G) 

e. Frameshift mutation (insertion or deletion on one strand), usually through 

a polymerase error when copying repeated sequences  

a. Deletions - one or more bases is removed. Unless this mutation 

results in the loss of a multiple of three bases, a frame-shift will 

occur in coding sequences, drastically altering every codon 

downstream of the mutation, and therefore the final amino acid 

composition of the protein.  

b. Insertions - one or more bases is added. The effects are the same 

as deletions, resulting in frame-shift mutations.  

http://en.wikipedia.org/wiki/Mutagen
http://en.wikipedia.org/w/wiki.phtml?title=Tautomerism&action=edit
http://en.wikipedia.org/wiki/Frameshift_mutation
http://en.wikipedia.org/wiki/Polymerase
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f. Oxidative damage caused by oxygen radicals  

g. Spontaneous changes: 

a. Deamination of cytosine (C) to form uracil (U). 

b. Spontaneous depurination. Purines are less stable under normal 

cellular conditions than pyrimidines. The glycosidic bond that links 

purines to the sugar-phosphate backbone of DNA often is broken. 

If these purines are not replaced before a round of replication, any 

base may be added to complement the missing base during 

replication. 

Induced mutations on the molecular level include: 

1. Chemical mutations  

a. Nonalkylating agents. For example: 

i. Formaldehyde (HCHO) reacts with amine groups and cross-

links DNA, RNA and proteins. 

ii. Hydroxylamine (NH2OH) specifically reacts with cytosine 

to form derivatives that pair with adenines instead of 

guanines. This change leads to a transversion (in which a 

purine is replaced by a pyrimidine or a pyrimidine is 

replaced by a purine. 

iii. Nitrous acid (HNO2) oxidatively deaminates cytosine, 

adenines, and guanines to form uracil, hypoxanthines, and 

xanthines respectively. These changes results in transitions 

(in which a purine is replaced by another purine or one 

pyrimidine is replaced by another pyrimidine. 

b. Alkylating agents: these act as strong electrolytes, which become linked 

to many cellular nucleophiles in particular the sevenths nitrogen of the 

guanine in the DNA. This linkage causes breakage of DNA. 

2. Irradiation 

a. Ultraviolet (UV) light (200-400 nm) induces dimerization of adjacent 

pyrimidines, particularly adjacent thymines. This direct mutation of 

DNA distorts the DNA structure, inhibits transcription, and disrupts 

replication until it is repaired. 

b. Ionizing radiation, such as Roentgen rays (x rays) and gamma rays 

(γ-rays) can cause extensive damage to DNA including opening purine 

rings, which lead to depurination, and breaking phosphodiester bonds. 

Pop quiz: 
Ionizing radiation such as x-rays causes which one of the following results? 

a. Deamination of cytosines 
b. Formation of thymine-thymine dimmers 
c. Cross-linking of DNA 
d. Breaking of phosphodiester bonds 
e. Insertion of addition base pairs into DNA 

http://en.wikipedia.org/wiki/Oxygen
http://en.wikipedia.org/wiki/Radical
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DNA repair 

Some mutations in DNA can be repaired because the genetic information is 

stored on both strands of DNA. The unaffected strand can be used as a 

template to fix the damaged strand. Chemicals, ionizing radiation and ultraviolet 

light can cause breakage of the phosphodiester bonds in the DNA backbone, and 

the bases themselves can be altered, lost, or covalently cross-linked. 

UV light can cause adjacent pyrimidine bases to become covalently joined, 

forming a pyrimidine dimer. 

This lesion is removed by an excinuclease, an enzyme which excises a 12 bp 

fragment surrounding the dimer. DNA polymerase I fills in the gap and DNA 

ligase seals the break: 

 

 

 

 

 

 

 

Defects in the repair mechanism of DNA can lead to cancer. 

Pop quiz: 

A 10-year old girl is brought to the dermatologist by her parents. She has many 

freckles on her face, neck, arms and hands, and her parents' reported that she 

is unusually sensitive to sunlight. Two basal cell carcinomas are identified of her 

face. Which of the following processes is most like to be defective in this 

patient? 

a. Removal of primers from Okazaki fragments 

b. Removal of mismatched bases from the 3'end of the Okazaki 

fragments 

c. Removal of pyrimidine dimmers from DNA 

d. Removal of uracil from DNA 

e. Removal of cytosine from DNA 
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Conclusions: 
1. Mutant proteins arise when single-base substitutions result in codons that 

specify a different amino acid at a given position, when a stop codon 

results in a truncated protein, or when base additions or deletions alter 

the reading frame, so different codons are read. 

 

2. Causes of mutations are spontaneous mutations (naturally occurring) and 

induced mutations caused by mutagens. 

 

3. Some mutations in DNA can be repaired because the genetic information 

is stored on both strands of DNA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://en.wikipedia.org/wiki/Mutagen
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Structure and Classification of Viruses 
Objectives: 

1. To learn about the structure and function of viruses 

2. To learn about their classifications 

 

 

 

Structure and Function 

 Viruses are small obligate intracellular 

parasites, which by definition contain 

either a RNA or DNA genome 

surrounded by a protective, virus-coded 

protein coat.  

 

 Viruses may be viewed as mobile genetic 

elements, most probably of cellular origin 

and characterized by a long co-evolution 

of virus and host.  

 

 For propagation viruses depend on 

specialized host cells supplying the 

complex metabolic and biosynthetic 

machinery of eukaryotic or prokaryotic 

cells.  

 

 A complete virus particle is called a 

virion. The main function of the virion is 

to deliver its DNA or RNA genome into 

the host cell so that the genome can be 

expressed (transcribed and translated) by the host cell. The viral genome, 

often with associated basic proteins, is packaged inside a symmetric 

protein capsid. The nucleic acid-associated protein, called nucleoprotein, 

together with the genome, forms the nucleocapsid. 

 

 In enveloped viruses, the nucleocapsid is surrounded by a lipid bilayer 

derived from the modified host cell membrane and studded with an outer 

layer of virus envelope glycoproteins. 
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A typical virus replication cycle 

 

  

Some bacteriophages inject their genomes into bacterial cells 

http://en.wikipedia.org/wiki/Genome
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Classification of Viruses 

Morphology: Viruses are grouped on the basis of size and shape, chemical 

composition and structure of the genome, and mode of replication. 

 

 

 

Helical morphology is seen in 

nucleocapsids of many filamentous 

and pleomorphic viruses. Helical 

nucleocapsids consist of a helical 

array of capsid proteins (protomers) 

wrapped around a helical filament of 

nucleic acid.  

 

 

 
RNA coiled in a helix of repeating protein sub-units 

 

Icosahedral morphology is characteristic of the nucleocapsids of many 

“spherical” viruses. The number and arrangement of the capsomeres 

(morphologic subunits of the icosahedron) are useful in identification and 

classification. 

 

 

 

 
Electron micrograph of icosahedral adenovirus 

 

Many viruses also have an outer envelope.  

 

 

 

 

 

 

 

 

 
Herpes viruses have a lipid envelope 

 

http://en.wikipedia.org/wiki/RNA
http://en.wikipedia.org/wiki/Adenovirus
http://en.wikipedia.org/wiki/Herpesviridae
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Chemical Composition and Mode of Replication: The genome of a virus may 

consist of DNA or RNA, which may be single stranded (ss) or double stranded 

(ds), linear or circular.  

The entire genome may occupy either one nucleic acid molecule (monopartite 

genome) or several nucleic acid segments (multipartite genome). The different 

types of genome necessitate different 

replication strategies. 

 

 

Nomenclature 

Aside from physical data, genome 

structure and mode of replication are 

criteria applied in the classification and 

nomenclature of viruses, including the 

chemical composition and configuration of 

the nucleic acid, whether the genome is 

monopartite or multipartite. The genomic 

RNA strand of single-stranded RNA 

viruses is called sense (positive sense, 

plus sense) in orientation if it can serve as 

mRNA, and antisense (negative sense, 

minus sense) if a complementary strand 

synthesized by a viral RNA transcriptase 

serves as mRNA. Also considered in viral 

classification is the site of capsid 

assembly and, in enveloped viruses, the 

site of envelopment. 

 

Pop quiz: 

Viruses 

a. may have an envelope 

b. contain both DNA and RNA 

c. have their own metabolism 

d. have cell wall 

 

Conclusions: 

1. Viruses are small obligate intracellular parasites, which by definition contain 

either a RNA or DNA genome surrounded by a protective, virus-coded 

protein coat 

2. Viruses are grouped on the basis of size and shape, chemical composition and 

structure of the genome, and mode of replication. 

Genomic diversity among viruses 

Property Parameters 

Nucleic acid 

 DNA  

 RNA  

 Both DNA and 

RNA (at different 

stages in the life 

cycle) 

Shape 

 Linear  

 Circular  

 Segmented 

Strandedness 

 Single-stranded  

 Double-stranded  

 Double-stranded 

with regions of 

single-strandedness 

Sense 

 Positive sense (+)  

 Negative sense (−)  

 Ambisense (+/−) 

http://en.wikipedia.org/wiki/Sense_(molecular_biology)

