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What is a genetic variant?

A region of the genome that differs from the reference (or another 
genome)

Signifies a mutation and can be a single base-pair, or larger insertion 
and/or deletion of several base-pairs.
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What is a genotype?

Image credit: https://www.ancestry.com/lp/genotype



How do we find a variant?

Map and align sequences from other individuals to a reference genome

• Does It matter what your reference genome is?
• Is it the same or different species?
• Is it from the same population?

• Short answer: Yes, it matters!



Genomes are 
continually 
being improved 
& sequenced all 
the time!

https://academic.oup.com/jhered/article/115/5/498/7713838



Finding variants – some terminology

Figure modified from here https://www.ddbj.nig.ac.jp/ddbj/assembly-e.html & S. Caplins slides
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https://www.ddbj.nig.ac.jp/ddbj/assembly-e.html


Finding variants – some terminology

A reference genome is a 
collection of scaffolds

Typically, in fasta format



Finding variants - pipeline

Download reference genome 
and sample reads

Trim adaptors 
(cutadapt)

Index the reference 
genome (bowtie2)

Map the reads to the 
genome (bowtie2)

Convert sam file to bam file 
(samtools)

Calculate genotype 
likelihoods (angsd)



Step 1: Download 
the data!

wget ftp://ftp.ensemblgenomes.org/pub/release-37/bacteria/species_EnsemblBacteria.txt



Step 1.2: Quality Control with fastqc



Step 1.2: Quality Control with fastqc



Step 2: Trimming adaptors from reads



Step 2: Trimming adaptors from reads



Step 3: Index to Reference Genome



Step 3: Index to Reference Genome

Step 4: Mapping to the Reference Genome



Step 5: SAM and BAM file formats

Sequence Alignment Map, Binary Alignment Map

Head of .sam file Tail of .sam file



Sequence Alignment Map, Binary Alignment Map

Tail of .sam file

Name of read
Name of reference contig where read aligns
Position on contig where 5’ end starts
Alignment information “cigar string”

80M = contiguous match of 80bp
 

Step 5: SAM and BAM file formats



Step 6: “Calling” a genotype

Two main ways to estimate a genotype

1. Hard genotype calling 

2. Genotype likelihoods

Depends on the type of data that you have. If you have reads with a 
high degree of coverage (many copies of the same read) you can do 
hard genotype calling. If you have variable coverage or low coverage 
you can do genotype likelihoods, to account for some uncertainty in the 
genotype.



Step 6:  “Calling” a genotype: alignment



Step 6: Genotype likelihoods

In ANGSD

Accounts for some uncertainty in the genotype estimation

http://www.popgen.dk/angsd/index.php/Genotype_Likelihoods


