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Motivation and Objectives
The choice of technology and bioinformatics’ 
approach is central in the analysis of Next-
Generation-Sequencing (NGS) experiments. The 
pace with which new software and methodolog-
ical guidelines are published, together with the 
fact that many of these choices will depend on 
the particularities of the study-system, mean re-
searchers are often unable to produce informed 
decisions regarding these central questions. To 
address these issues, we introduce Pipeliner, a 
tool to simulate and validate the performance 
of NGS analysis pipelines, and optimize experi-
mental designs.

Methods
Pipeliner is written in Object-Oriented Perl and is 
highly customizable, allowing the user to write 
and test his own bioinformatics’ pipelines. A sim-
ulation is then performed for each pipeline de-
fined, and statistics describing their performance 
in variant calling are calculated and reported.

The first step in the analysis performed with 
Pipeliner is to specify the experimental design, 
which includes defining the study system, i.e. 
number of individuals sequenced, population 
structure, depth and sequencing technology. 
Pipeliner uses coalescent simulations (with the 
software ms; Hudson, 2002) to obtain the “true” 
Single-Nucleotide Polymorphism (SNP) data for 
the population under study, allowing for specific 
conditions to be explored such as the effect of 
the distance between the sampled individuals 
and the reference genome available, the ef-
fect of population subdivision, or different levels 
of variability or selection. As for the NGS reads, 
Pipeliner uses the program ART (Huang et al., 2011) 
to simulate illumina NGS reads (solid and 454 
reads can also be simulated with ART), with the 
user defining the read length, the average depth 
per individual, paired or single ends run, etc. 

Once the experimental design is defined, the 
next step is to choose the bioinformatics’ pipe-
line with which to analyze the genetic data ob-
tained. The three crucial decisions in this step are 
(i) how to align the short reads to the reference 
genome, (ii) how to call variants from the aligned 
short reads, and (iii) how to filter the variants ob-
tained. Pipeliner implements a wrapper to the 
commonly used software bwa (Li and Durbin, 
2009), and to samtools (Li et al., 2009), which is 
the default SNP calling tool in Pipeliner. However, 
Pipeliner also implements a simple interface that 
allows using any other software for these tasks.

In the final step, Pipeliner calculates a number 
of statistics that summarize the performance of 
the defined bioinformatics’ pipeline and provide 
plots to make interpretation easy. The statistics 
calculated include Recovery (% of SNPs correctly 
identified in relation to the original SNP number 
obtained with the coalescent simulations), Power 
(% of SNPs correctly identified in relation to all 
SNPs that pass the quality and depth filters set by 
the user), False Discovery Rate (FDR, % of SNP calls 
that are incorrect) as well as the frequency with 
which different errors occur.

Results and Discussion
As an example of the type of analysis possible 
in Pipeliner, we investigate the effect of individ-
ual SNP calling vs. multiple individual SNP call-
ing. Results (Figure 1) show that, while the overall 
Power increases when joint SNP calling, single-
tons for the alternative allele actually become 
more elusive (lower Power), while other SNP sites 
become easier to detect. This situation is likely to 
lead to skewed allele frequency spectrum cal-
culations, however such detailed bias has not, to 
our knowledge, been reported before.

 Qualitatively similar results were obtained with 
higher coverage per individual (12x).

The choice of experimental design and 
bioinformatics’ pipelines are central issues in 
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the analysis of NGS datasets. With Pipeliner, we 
provide the tools that empower researchers to 
carefully plan their study’s sampling design, and 
compare the suitability of alternative software 
for their specific study systems. Pipeliner can be 

obtained from its website: https://github.com/
brunonevado/pipeliner.
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Figure 1. The effect of multiple-sample SNP calling.
Power in identifying heterozygous SNPs when doing individu-
al or multiple SNP calling with samtools, under low coverage 
(average 6x per diploid individual) and few individuals (2, 4 
and 6).
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