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Types of genetic variation

• 1900’s: Visible polymorphisms
• 1930’s: Chromosomal polymorphisms
• 1940’s: Blood groups
• 1960’s: Protein polymorphisms
• 1980’s: DNA Sequencing
• 2000’s: Resequencing of genomes

What we will not teach in the module:

• Structure of DNA
• Functional elements of DNA (Genes, promotors, etc.)
• Genetic code, etc.
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Types of DNA sequence variation

• Single nucleotide polymorphisms (SNPs)
• Insertion or Deletion variants (Indels)
• Structural genomic variants: Insertions or deletions from larger DNA
seqments

• Variation in other repetitive elements such as minisatellites or gene
families
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Polymorphisms versus Markers

• Mutation: A genetic variant that was produced by a genetic process
• Polymorphism: A mutation that segregates in a
• Marker: A polymorphism that can be detected by a
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Diversity of marker systems

• Co-dominant markers:
• Single nucleotide polymorphisms (SNPs)

• Recent marker types:
• Transposon ’counting’ (many variants of this method)
• Copy number variants (CNVs)
• Presence/absence variants (PAVs)
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SNP Genotyping

• Identification of SNPs by sequencing a small panel of individuals
• Design of a SNP array using a computer program
• Genotyping of many other individuals using the SNP array

SNP markers may range from 1 to 600,000 per array.

Genomic position is known: Multiple uses like genetic mapping, genetic
diversity.

Key advantage: Low proportion of missing data!
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SNP genotyping technology

Infinium High Density Assay by
Illumina

9 / 37



10 / 37

11 / 37

Sequence variation: Example of a multiple sequence alignment
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Dropping sequencing costs
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Short read Illumina sequencing
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Standardized short read sequencing workflows

National Human Genome Research Institute 15 / 37



Newer technologies

Long read single molecule sequencing:

kilobases to megabase long sequence reads instead of hundreds of
basepairs.

• PacBio
• Oxford Nanopore Minion
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State of the art: Resequencing of complete genomes

Huang et al., Nature Genetics 2011
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Multiple domestication of grain amaranths
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Key technologies for analysing genetic variation

Genotyping: with SNP arrays

• Advantage: Only defined markers are used
• Disadvantage: Ascertainment bias

Sequencing: with “Next Generation Sequencing”

• Advantage: Complete genetic variation investigated
• Disadvantage: Missing data, sequence assembly
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Bioinformatic analysis of sequencing data

22 / 37

Bioinformatic analysis of sequencing data
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vcf file format

• Variant call format
• Text file for storing variations like SNPs, indels or larger structural
variants

• Actual version: VCF format v4.2
• Format description:
https://samtools.github.io/hts-specs/VCFv4.2.pdf

• VCF files consist of a header and a body
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https://samtools.github.io/hts-specs/VCFv4.2.pdf


vcf file format: Meta information

Meta-information (## followed by key=value)

• File format, mandatory (##fileformat=VCFv4.1)
• Additional information(##samtoolsVersion=0.1.18 (r982:295))
• INFO lines (##INFO=<ID=DP,Number=1,Type=Integer,Description=
"Raw read depth">)

• FORMAT lines (##FORMAT=<ID=GT,Number=1,Type=String,Description=
"Genotype">)

• FILTER lines (##FILTER=<ID=q10,Description="Quality below 10">)
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Example of meta information
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vcf file format: Header line

Mandatory columns: 8 fixed fields

• CHROM - chromosome id or number POS - reference position
• ID - unique identifier(s)
• REF - reference base(s)
• ALT - alternative base(s)
• QUAL - phred-scaled quality score for ALT
• FILTER - filters passed or not passed
• INFO - additional information, specified in meta-information

Optional columns:

• FORMAT - information about genotype, read depth, etc.
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vcf file format
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Representation of polymorphisms
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Representation of polymorphisms
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Representation of polymorphisms
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Representation of polymorphisms
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Working with vcf files

• vcftools: Written in Perl, not so fast
(http://vcftools.github.io)

• bcftools: Written in C very fast, fewer functions
(https://samtools.github.io/bcftools/)
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Further reading

• Metzker (2010) - Good, but a somewhat outdated review of
sequencing technologies
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