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What is Genetic 
Variation?
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Origins of Genetic Variation

 Genetic Variation is the difference in DNA sequences between 
individuals. Mutations and recombination are major sources 
of variation.

 Mutations are the original source of genetic variation. A 
mutation is a permanent alteration to a DNA sequence and it 
usually occurs when there is an error during DNA replication 
that is not corrected by DNA repair enzymes. Mutations may 
be beneficial, deleterious or neutral. They occur in germ and 
somatic cells, but only variations that arise in germ cells can 
be inherited.
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Origins of Genetic Variation

 Genetic Variation is the difference in DNA sequences between 
individuals. Mutations and recombination are major sources 
of variation.

 Recombination is another major source of genetic variation 
and it occurs in meiosis when homologous DNA strands align 
and cross over. Recombination effectively shuffes maternal 
and paternal DNA, creating new combinations of variants in 
the daughter germ-cells.
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Variants, alleles and haplotypes

 The term variant is used to refer to a specific position or 
region of the genome which differs between two or more 
genomes.

 Different versions of the same variant are called alleles.

 Alleles at variants close together on the same chromosome 
tend to occur together more often than is expected by 
chance. These blocks of alleles are called haplotypes. 

 Linkage disequilibrium (LD) is a measure of how often two 
alleles are inherited together.



Types of Genetic 
Variation
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Single Nucleotide Polymorphism 
(SNP)

 It is a single base-pair substitution. There are two kinds 
of substitutions: transition and transversion.

 Transitions:

purine → purine, or pyrimidine → pyrimidine

 Transversions:

purine → pyrimidine, or pyrimidine → purine

purine: A and G.

pyrimidine: T and C.
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Insertion or Deletion (indel)

 It is an insertion or deletion of a single stretch of DNA 
sequence that can range from one to hundreds of base-
pairs in length.
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Structural Variation

 Typically used to describe genetic variation that occurs 
over a larger DNA sequence. This category of genetic 
variation includes both copy number variation and 
chromosomal rearrangement events.

 



Exome 
Sequencing
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Exome Sequencing

 Select the subset of DNA that encodes proteins. 

 Sequence the exonic DNA using any high-throughput 
sequencing technology.

The goal of this approach is to identify genetic variants 
that alter protein sequences, and to do this at a much 
lower cost than whole-genome sequencing.
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Exome Sequencing

The goal of this approach is to identify genetic variants that alter 
protein sequences, and to do this at a much lower cost than 
whole-genome sequencing.
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Exome Sequencing



The 1,000 
Genomes Project
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1,000 Genomes Project

 2,504 individuals from 26 populations genotyped using a 
combination of low-coverage whole-genome sequencing, 
deep exome sequencing, and dense microarray genotyping.

The 1000 Genomes Project set out to provide a 
comprehensive description of common human genetic 
variation by applying whole-genome sequencing to a 
diverse set of individuals from multiple populations.
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1,000 Genomes Project

88 million variants:

 84.7 million single nucleotide polymorphisms (SNPs)

 3.6 million short insertions/deletions (indels)

 60,000 structural variants
The 1000 Genomes Project set out to provide a comprehensive 
description of common human genetic variation by applying 
whole-genome sequencing to a diverse set of individuals from 
multiple populations.
1000 Genomes Project Consortium (2015).
A global reference for human genetic variation. 
Nature, 526, 68-74.
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1,000 Genomes Project

The 1000 Genomes Project set out to provide a comprehensive 
description of common human genetic variation by applying 
whole-genome sequencing to a diverse set of individuals from 
multiple populations.
1000 Genomes Project Consortium. (2015). A global 
reference for human genetic variation. Nature, 526(7571), 
68-74.
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1,000 Genomes Project

The 1000 Genomes Project set out to provide a comprehensive 
description of common human genetic variation by applying 
whole-genome sequencing to a diverse set of individuals from 
multiple populations.
1000 Genomes Project Consortium. (2015). A global 
reference for human genetic variation. Nature, 526(7571), 
68-74.
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