
Likelihoods 
Functions expressing the 

probability of observing 

the data - for example. 

next-generation sequencing 

data - given a parameter. 

such as a genotype or an 

allele frequency. 
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REVIEWS 

�STUDY DESIGNS 

Genotype and SNP calling from 
next-generation sequencing data 
Rasmus Nielsen**§, Joshua S. Pau/11, Anders Albrechtsen* and Yun S. Song§II 

Abstract I Meaningful analysis of next-generation sequencing (NGS) data, which are 

produced extensively by genetics and genomics studies, relies crucially on the accurate 

calling of SNPs and genotypes. Recently developed statistical methods both improve 

and quantify the considerable uncertainty associated with genotype calling, and will 

especially benefit the growing number of studies using low- to medium-coverage data. 

We review these methods and provide a guide for their use in NGS studies. 

Next-generation sequencing (NGS ) methods1 provide 
cheap and reliable large-scale DNA sequencing. They 
are used extensively for de novo sequencing2

, for disease 
mappint, for quantifying expression levels through RNA 
sequencing4-6 and in population genetic studies7-9. 

In NGS methods, a whole genome, or targeted 
regions of the genome, is randomly digested into small 
fragments (or short reads) that get sequenced and are 
then either aligned to a reference genome or assembled 10• 

Having aligned the fragments of one or more individuals 
to a reference genome, 'SNP calling' identifies variable 
sites, whereas 'genotype calling' determines the genotype 
for each individual at each site. 

NGS data can suffer from high error rates that are 
due to multiple factors, including base-calling and align­
ment errors. Moreover, many NGS studies rely on low­
coverage sequencing ( <Sx per site per individual, on 
average), for which there is high probability that only one 
of the two chromosomes of a diploid individual has been 
sampled at a specified site. Under such circumstances, 
accurate SNP calling and genotype calling are difficult, 
and there is often considerable uncertainty associated 
with the results. It is crucial to quantify and account for 
this uncertainty, as it influences downstream analyses 
based on the inferred SNPs and genotypes, such as the 
identification of rare mutations, the estimation of allele 
frequencies and association mapping. 

One method for reducing uncertainty associated with 
genotype and SNP calling is to sequence target regions 
deeply (at >20x coverage). However, the ever-increasing 
demand for larger samples suggests that medium­
(5-20x) or low-coverage sequencing will be the most 
common and cost-effective study design in many appli­
cations ofNGS for years to come. For example, the 1000 

G enomes Project pilot phase9 relied on approximately 

3x coverage to sequence 176 individuals genome-wide. 
For the identification of low-frequency variants, this 
design is more cost-efficient than deeper sequencing in 
fewer individuals. Likewise, in association studies, map­
ping power is typically maximized by sequencing many 
individuals at low depth 11

, rather than sequencing 
fewer individuals at a high depth. 

Alternatively, reducing and quantifying the uncer­
tainty associated with SNP and genotype calling may 
be accomplished using sophisticated algorithms; there­
fore, these have recently been the subject of extensive 
research9

•
12

-
15

• Most contemporary algorithms use a 
probabilistic framework. S o-called 'genotype likelihoods'

- which incorporate errors that may have been intro­
duced in base calling, alignment and assembly - are
coupled with prior information, such as allele frequen­
cies and patterns of linkage disequilibrium (LD ). The
result is a SNP and genotype call and an associated
measure of uncertainty (which is often described by a
'quality score'), both of which have a concrete statistical
interpretation.

Here we review this research and provide general 
guidelines for genotype and SNP calling in NGS stud­
ies. Converting the raw output ofNGS technology into a 
fmal set ofSNP and genotype data involves a number of 
steps (summarized in FIG. 1 ), each of which contributes 
to the accuracy of the final SNP and genotype calls. We 
start at the beginning of this process by briefly review­
ing recent developments in the methods used for base 
calling and alignment. We then review and discuss sev­
eral recent algorithms for SNP and genotype calling and 
address how the uncertainties in the resulting calls can 
be accommodated in downstream analyses. Finally, we 
make some general recommendations for the analysis 
ofNGS data. 
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