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Overview: what is genetic mutation? 

 Genetic mutations are changes in the 
genomics sequence.  

 can be used to describe either the event 
that produces a DNA sequence variant, or 
the resulting variant. 

 Gene mutations occur in two ways: they 
can be inherited from a parent or 
acquired during a person’s lifetime.  

 Mutations range in size from a single DNA 
building block (DNA base pairs) to a 
large segment of a chromosome. 
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Genetic Home Reference: “What is a gene mutation and how do mutations occur?” 

http://ghr.nlm.nih.gov/handbook/mutationsanddisorders/genemutation


Introduction of Mutations 

 Large-scale mutation 

◦ Changes in chromosome number 
◦ Changes in chromosome structure 

 Small-scale mutation 

◦ Point mutation 
◦ Insertion 
◦ Deletion 
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Introduction of Mutations: large scale 

Chromosome mutations in number 
◦ aberrant euploidy: changes in whole chromosome sets 

◦ aneuploidy: changes in parts of chromosome sets 
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Chromosome Constitutions in a Normally Diploid Organism with three chromosomes  

Mutations 
Large-scale 

SNPs 
Database 

 

 Anthony J.F.Griffiths.et.al,2008 



Introduction of Mutations: large scale 

Chromosome mutations in structure 
◦ Deletion 

◦ Duplication 

◦ Inversion 

◦ Translocation 
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 Anthony J.F.Griffiths.et.al,2008 



Introduction of Mutations: small scale 

Point mutation 

 Transition  

purine <-> purine 

pyrimidine <-> pyrimidine 

 

 

 

 

 Transversion 

  purine <-> pyrimidine 
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 Anthony J.F.Griffiths.et.al,2008 



Introduction of Mutations: small scale 

 No mutation 

 

 

 Transition or transvertion 
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 Anthony J.F.Griffiths.et.al,2008 



Introduction of Mutations: small scale 

Indel mutation 

  Base insertion 

 

 

 

  Base deletion 
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 Anthony J.F.Griffiths.et.al,2008 



Point mutations can alter mRNA splicing 

a) C to T transition       
 -> a new 5’splice site -> end of exon spliced out 

b) G to T transversion       
 -> eliminate the 5’splice site -> intron retained in mRNA 
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 Anthony J.F.Griffiths.et.al,2008 



Consequence of point mutations 

Point mutations in coding regions can alter protein 
structure with or without altering mRNA size. Point 
mutation in regulatory regions can prevent the synthesis 
of mRNA(and protein). 
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 Anthony J.F.Griffiths.et.al,2008 



Genetic mutations: Example 

Sickle-cell anemia 

 

At 6th position of HbA 

 

CAG ->  CTG 

Glutamin acid -> Valine 
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 Nicholas H.Barton.et.al,2007 



Mutations: cause on the molecular level 

 Spontaneous mutations 

◦ Errors in DNA replication 
 Tautomerism 

◦ Spontaneous lesions 
 Depurination 

 Deamination 

 Induced mutations 

◦ Incorporation of base analogs 
◦ Specific misparing 
◦ Intercalating agents 
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 Anthony J.F.Griffiths.et.al,2008 



Spontaneous mutations: tautomerism 

Normal base pairing 
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Paring between the normal(keto) forms of the bases. 

 

 Anthony J.F.Griffiths.et.al,2008 



Spontaneous mutations: tautomerism 

Mismatched bases 

 

15 

Mutations 
Cause 

SNPs 
Database 

 

Rare tautomeric forms of bases result in mismatches. 

  Anthony J.F.Griffiths.et.al,2008 



Spontaneous mutations: spontaneous lesions 

Depurination 
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Interruption of the glycosidic bond between the base 

and deoxyribose and the subsequent loss of a guanine 
or an adenine residue from the DNA. 

 
 Anthony J.F.Griffiths.et.al,2008 



Spontaneous mutations: spontaneous lesions 

Deamination 
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The deamination of cytosine yields uracil. 
Unrepaired uracil residues will pair with adenine in 
replication, resulting in the conversion of a GC 
pair into an AT pair.  

 
 Anthony J.F.Griffiths.et.al,2008 



Alternative pairings for 5-bromouracil (5-BU) 
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(a) An analog of thymine, 5-BU can be mistakenly 
incorporated into DNA as a base. 

(b) The ionized form base-pairs with guanine. 
 

 
 Anthony J.F.Griffiths.et.al,2008 

Induced mutations: incorporation of base analogs 



Induced mutations: specific mispairing 

Alkylation-induced specific mispairings 
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Treatment with EMS alters the structure of guanine and 
thymine and leads to mispairings. 

 
 Anthony J.F.Griffiths.et.al,2008 



Induced mutations: intercalating agents 

Intercalating agents 
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 Anthony J.F.Griffiths.et.al,2008 

(a) Structures of common intercalation agents. 

(b) Their interaction with DNA. 

 



Mutations: Effect on function  

Mutations can be classified based on their 
effects on the final gene products. 

◦ Loss of function 
 Gene products have less or no function. 

◦ Gain of function 
 Gene products gain new/abnormal function. 

◦ Dominant negative mutations 
 Disrupt the activity of the wild-type gene. 

◦ Lethal mutations 
 Lead to the death of the organisms. 

◦ Back mutations 
 Restore original sequence/phenotype. 
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 Muller.H.J.1932 , Ellis NA et.al.2001   

http://www.millenium.esp.org/books/6th-congress/facsimile/contents/6th-cong-p213-muller.pdf
http://www.ncbi.nlm.nih.gov/pubmed/11281456


Mutations: Nomenclature 

Developed by Human Genome Variation Society 
(HGVS)  

◦ Nucleotide substitution 
e.g.           12A>T  
position  wild type nucleotide   substitution 

◦ Amino acid substitution 
e.g.           D78E 
wild type amino acid    position    substitution 

◦ Amino acid deletion 
e.g.           ΔF209 
sign of a deletion  wild type amino acid  position 
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 HGVS: http://www.hgvs.org/mutnomen/ 

http://www.hgvs.org/mutnomen/


Genetic Polymorphism 

 Genetic Mutation: A change in the 
nucleotide sequence of a DNA molecule. 

 Genetic Polymorphism: A difference in 
DNA sequence among individuals, groups, 
or populations. Sources include SNPs, 
sequence repeats, insertions, deletions 
and recombination. 

 SNPs are the most simple form and most 
common source of genetic polymorphism in 
the human genome (90% of all human DNA 
polymorphisms). 
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http://www.cs.mcgill.ca/~kaleigh/compbio/snp/snp_summary.pdf


Genetic Polymorphism 

 Single Nucleotide Polymorphisms (SNPs) 

 agcttctatct 

 agcttctctct 

 Simple Tandem Repeat Polymorphisms (STRs) 

 Agtctctctctctctctctctctctatacg (CT)11 

 Agtctctctctctctctctatacg (CT)8 

 Insertions/Deletions (indels) 

 cattcaaaggagggtctc 
 cattca………ggtctc 
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Frishman,D. Slides of “Methoden der Genomanalyse” 



SNPs: Distribution 

Genomic distribution of SNP density on human chromosomes 1 to 22. 
The colours show the SNP density, with red indicating higher 
densities and blue indicating lower densities. Note high rates of 
SNP variation near the ends of the chromosomes. 
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National Human Genome Research Institute. 2010 

http://www.sanger.ac.uk/about/press/2010/101027-1000genomes.html


SNPs: Location 

 SNPs may occur anywhere: 

◦ in coding regions  

◦ in introns 

◦ in regulatory regions of genes 

◦ In intergenic regions 

 In coding regions, changes may be 

◦ synonymous: no amino acid change 

◦ non-synonymous: an alteration of 
amino acid 
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Frishman,D. Slides of “Methoden der Genomanalyse” 



SNPs: Application 

 SNPs are used for mapping and 
genome-wide association studies of 
complex diseases. 

 Pharmacogenomics. 

 SNPs diagnostics. 

 SNPs in Functional Proteomics and 
Gene Therapy. 
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Kaleigh Smith.2002.“Genetic Polymorphism and SNPs”. 

http://www.cs.mcgill.ca/~kaleigh/compbio/snp/snp_summary.pdf


SNPs: Application 
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SNP imagemaps with genetic map, physical map, chromosome ideogram.  

Robert Clifford et.al, 2000 
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SNP Maps: 

http://www.ncbi.nlm.nih.gov/pubmed/10958644


Genetic disorder: overview 

A genetic disorder is a disease that is caused by 
an abnormality in an individual's DNA. 

 Single Gene Disorder is the result of a single 
mutated gene. 

◦ Causes over 4000 human diseases 
 Autosomal dominant/recessive 

 X-linked dominant/recessive 

 Y-linked 

 Mitochondrial 

 Chromosome Abnormality 

 Multifactorial Disorder 
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The Genetic Science Learning Center: “What are genetic disorders?” 

 

 

http://learn.genetics.utah.edu/content/disorders/whataregd/


OMIM 

 Online Mendelian Inheritance in Man is a 
comprehensive database for human genes 
and genetic disorders. 

 Started in 1966 and went online at NCBI 
in 1995. 

 Focus on the molecular relationship 
between genetic variation and phenotypic 
expression. 

 Gene Map: cytogenetic locations of genes  

 Morbid Map: cytogenetic locations of 
disorders 
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OMIM: http://www.ncbi.nlm.nih.gov/omim 

 

http://www.ncbi.nlm.nih.gov/omim


OMIM: Numbering system 

 Each OMIM entry is given a unique six-digit MIM 
number: 
◦ 100000-299999: Autosomal loci or phenotypes 

(entries created before May 15, 1994) 
◦ 300000-399999: X-linked loci or phenotypes 
◦ 400000-499999: Y-linked loci or phenotypes 
◦ 500000-599999: Mitochondrial loci or phenotypes 
◦ 600000-      : Autosomal loci or phenotypes 

(entries created after May 15, 1994) 
 

 Symbols preceding a MIM number: 
◦  *: a gene with  known sequence 
◦  +: a gene with  known sequence and phenotype 
◦  #: a phenotype with known molecular basis 
◦  %: a phenotype with unknown molecular basis 
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OMIM: http://omim.org/help/faq 

 

 

http://omim.org/help/faq


OMIM: Entry Statistics 
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OMIM: http://omim.org/statistics/entry 

 

 

http://omim.org/statistics/entry


HGMD 

 Human Gene Mutation Database attempts to collect 
known (published) gene lesions responsible for 
human inherited disease. 

 Since 1993. 

 Data comprises various types of mutation within 
the coding regions, splicing and regulatory 
regions. 

 Includes disease-associated/functional 
polymorphisms. 

 Not includes mutations lacking obvious phenotype 
(no silent mutation). 

 Free version and professional version. 
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HGMD: http://www.hgmd.org/ 

 

 

 

http://www.hgmd.org/


HGMD: Entry Statistics 
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HGMD: http://www.hgmd.org/ 

 

 

 

http://www.hgmd.org/


dbSNP 

 Single Nucleotide Polymorphism Database 
is a free public archive for genetic 
variation within and across different 
species developed by NCBI. 

 Contains a range of molecular variation: 
◦ SNPs 

◦ short deletion and insertion polymorphisms 

◦ microsatellite markers or short tandem 
repeats 

◦ multinucleotide polymorphisms (MNPs) 

◦ heterozygous sequences 

◦ named variants  
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dbSNP: http://www.ncbi.nlm.nih.gov/projects/SNP/ 

 

 

 

http://www.ncbi.nlm.nih.gov/projects/SNP/


dbSNP: Entry Statistics 
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Massgenomics. 2012.“The current state of dbSNP”. 

 

 

http://massgenomics.org/2012/01/the-current-state-of-dbsnp.html


dbSNP: Entry Statistics 
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dbSNP variant composition. 

 

 

dbSNP function classification. 

 

 

Variants in coding regions. 
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Massgenomics. 2012.“The current state of dbSNP”. 

 

 

http://massgenomics.org/2012/01/the-current-state-of-dbsnp.html


SNPdbe 

 nsSNP database of effects (Christian 
Schaefer et.al,2011).  

 Fill the annotation gap left by the high 
cost of experimental testing for 
functional significance of protein 
variants. 

 Computational annotation of functional 
impacts of SAASs(single amino acid 
substitution). 

 Experimentally mutation data comes from 
dbSNP, UniProt, 1KG and PMD. 

 Using SNAP and SIFT algorithms. 
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SNPdbe: http://www.rostlab.org/services/snpdbe/ 

 

 

http://www.rostlab.org/services/snpdbe/


SNPdbe: data source 
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Venn diagrams describing the overlap of (A) all SNPdbe component 
databases and (B) functional and disease annotations of human 
SAASs. Note that <1% of human SAASs have both functional effect 
and disease annotations.  

Christian Schaefer et.al,2011 
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http://www.ncbi.nlm.nih.gov/pubmed/22210871
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