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Will mainly focus on intrahost virus populations, but other populations can be studied 
using similar methods and are similar in principle

image: Magro et al (2006) Modern Path.

Rare somatic variants in cancer 
(cancer subclones)

Population genomics using 
pools of individuals (Pool-Seq)



Why study intrahost viral variation?

Image: Mayo clinic



(RNA) Viruses typically have error rates ≈ 1 / genome size

Sanjuán et al (2010) J Virol



A typical RNA virus has a genome ~10,000 nt long and a ~1/10,000 mutation rate

Image: viralzone.expasy.org



As a consequence of error-prone replication, 
intrahost virus populations can diversify rapidly 

Lauring and Andino (2010) PLoS Pathogens

Balance between adaptive potential and survival



Intrahost viral population diversity can have a functional impact

Lauring and Andino (2010) PLoS Pathogens
Vignuzzi et al (2006) Nature



The shifting ‘mutant swarm’ may not change consensus sequence

Domingo et al (2012) Microbiol Mol Biol Reviews



Sanger sequencing typically produces consensus sequence

It is possible to analyze 
chromatograms to obtain variant 

frequencies 



E. Domingo (2016)

Cloning facilitated analysis of 
virus populations

Not easily scalable



NGS has emerged as powerful 
tool to study variants in 

populations

Assumes that frequencies in 
reads correspond to frequencies 

in genomes in the population

Schlötterer et al Heredity 2015

Generally good assumption



Goal: identify variants, their frequencies, and potential functional impact

These 2 variants are at a >50% allele frequency 
and so are consensus changing variants

This T’s allele frequency is 42% -> no 
consensus change

They are also both synonymous mutations

Consensus sequence

Reference sequence



Biological and technical limitations to the ability to detect rare variants

unlikely to observe variants with frequency < 1% 
in these datasets

Pool size could limit the ability to 
detect rare variants



sequencing error, or real low frequency 
variant?

Distinguishing sequencing errors from true rare variants is a central challenge



These bases were soft-trimmed  
(not aligned), but they support variant 
basecalls

Variant calling is also sensitive to mapping

Different mapping software could well 
produce different results. 



3 haplotypes evident here

G T C [reference sequence] 
A C C [2 mutations] 
A C T [3 mutations]

Another issue is linking or ‘phasing’ variants (haplotype reconstruction)

Much harder to link distant variants 
using short read data



Errors in sequence reads can be introduced during library prep and during sequencing



Error rates are fairly low, but they apply to huge #s of basecalls

Incorrect baseball

If the average error rate is 0.1%, and a sequencing 
run produces 100M 100 nt reads, there will be 10M 

incorrect basecalls in the dataset 

Incorrect basecall



Several clever methods have been developed to get beyond the limit of detection 
due to sequencing errors

Kennedy et al (2014) Nature Protocols



CirSeq aims to measure lower frequency variants in RNA viruses 

Acevedo and Andino (2014) Nature Protocols



Acevedo et al (2014) Nature

These methods aim to decrease variant frequency limit of detection 

Schmitt et al (2012) PNAS



These approaches have practical limitations

Acevedo et al (2014) Nature

That’s a lot of (poly-A) RNA



The good news!

You don’t necessarily or even often need linked variants or ultra low 
frequency variants to infer population genetic parameters  (or otherwise 
answer your question of interest)



A typical workflow for variant identification

Sample: DNA/RNA isolation

Library prep / sequencing

Mapping to a reference genome or an assembly

Variant calling

Downstream analysis of variants



The standard format for variant data is the vcf file (variant call format)

https://github.com/samtools/hts-specs



Schlötterer et al (2014) Nat Rev Gen 
doi:10.1038/nrg3803 

Posada-Cespedes et al (2016) Virus Res 
doi:10.1016/j.virusres.2016.09.016

A couple reviews to get you started



Schlötterer et al (2014) Nat Rev Gen 
Posada-Cespedes et al (2016) Virus Res

These reviews summarize relevant software, pitfalls, best practices, etc.



Hwang et al (2015) Sci Rep 
DOI: 10.1038/srep17875

Several papers fairly recently compared variant calling software



Hwang et al (2015) Sci Rep 
DOI: 10.1038/srep17875

Fairly good overlap from different pipelines using Illumina data

Different s/w had different biases
Avoid using Ion Proton data for variant calling



Let’s call some variants!


