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Abstract

We present version 6 of the DNA Sequence Polymorphism (DnaSP) software, a new version of the popular tool for
performing exhaustive population genetic analyses on multiple sequence alignments. This major upgrade incorpo-
rates novel functionalities to analyze large data sets, such as those generated by high-throughput sequencing
technologies. Among other features, DnaSP 6 implements: 1) modules for reading and analyzing data from genomic
partitioning methods, such as RADseq or hybrid enrichment approaches, 2) faster methods scalable for high-
throughput sequencing data, and 3) summary statistics for the analysis of multi-locus population genetics data.
Furthermore, DnaSP 6 includes novel modules to perform single- and multi-locus coalescent simulations under a
wide range of demographic scenarios. The DnaSP 6 program, with extensive documentation, is freely available at

http://www.ub.edu/dnasp.
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Recent advances of high-throughput sequencing (HTS)
technologies, including genomic partitioning methods,
are generating massive high-quality DNA sequence and
single-nucleotide  polymorphism  (SNP) data sets
(Bleidorn 2016), facilitating the study of nonmodel organ-
isms. Analyzing HTS data can provide new insights into the
evolutionary forces shaping biodiversity (Ellegren 2014),
which has multiple applications in animal and plant breed-
ing, conservation genetics, biomedicine, forensics, and
systematics.

DNA Sequence Polymorphism (DnaSP) is a bioinfor-
matics tool designed for the comprehensive analysis of
DNA sequence data variation, using a friendly Graphic
User Interface (Rozas and Rozas 1995; Librado and Rozas
2009; Rozas 2009). The program allows the detailed char-
acterization of the levels and patterns of DNA sequence
variation at different time scales, using polymorphic var-
iants (intraspecific data), divergence data (interspecific or
interpopulation data), or a combination of both. Version 6
incorporates novel capabilities especially suitable for the
analysis of thousands of DNA sequence regions in one-go,
a feature increasingly demanded for RADseq-based
studies, as well as in many disciplines, such as population
genomics, molecular ecology, or clinical virology.
Furthermore, DnaSP 6 also includes new functions to
conduct coalescent simulations under a wide range of
demographic scenarios.

Major Upgrades

Analyses of Multi-MSA Data Sets

Methods for genomic partitioning are cost-effective
approaches for molecular population genetics, phylogeo-
graphic, and phylogenomic studies, especially in nonmodel
organisms (Lemmon and Lemmon 2013; McCormack et al.
2013). These mainly include RADseq, and hybrid enrichment.
The first one embraces the original Restriction-site Associated
DNA sequencing (RADseq), as well as some methodological
variants, such as double-digest RADseq or genotype-by-se-
quencing (Puritz et al. 2014; Andrews et al. 2016). The most
popular hybrid enrichment techniques are anchored hybrid
enrichment (Lemmon et al. 2012) and target capture of ultra-
conserved elements (UCE; Faircloth et al. 2012).

Raw sequencing reads from these approaches can be
preprocessed and assembled using a number of available pipe-
lines, such as PyRAD (Eaton 2014) and STACKS (Catchen et al.
2011) for RADseq, or PHYLUCE (Faircloth 2016) for UCE data.
RADseq files typically store many thousands of short (from 100
to 300 bp) DNA sequences randomly distributed across the ge-
nome (RAD-loci), each encompassing one or a few SNPs,
whereas hybrid enrichment generally collects data from a small
number of longer loci. These programs generate curated data
either in the form of a single multi-MSA file, or in the form of
multiple files, each containing information of an individual
marker (a single MSA).
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Coalescent Simulations (1-locus | 1-pop)

INPUT: Demographic Model | OUTPUT |

Input Parameters

(pergene): [ 93

Thatn { (De'snbe)-l 0.006327
Sample size: [—18

No. Sites: 1470

No. Replicates: [ 1000

Pseudorandom Number Seed: 9150431

™ Do not compute ZnS and ZZ statistics
Recombination.
& No recombination
 Intermediate level {

R (per gene):

10
R (per site): 0.006803

Demographic Parameters..

[Ho: Population Spit/Admedwre 4

Pes [ 05
name: [ 2
ne/Ne: [ 2

2 05

AT —

Prosent

Clear cbserved |
Summary Tests Statistics -

Statistic Obs. Value

» Theta-K (Av. # Nuc. Diferances) 9.300000
Theta-W from 5). ThetaW 13.862817
Number of Segregating Stes, 5 [ 46
Number of Haplotypes. h [ 16
Haplotype Diversty, Hd [ 1.000000
Tajma’s D, TD [ -1.389675
Fund Lis D", FLD® | 156004
Fuand U's F~, FLF® . -1.585172
Achaz Y", AY" | 0754287
FusFs [ amamo

Ramos-Onsins and Rozas's R2
Raggedness, r

Recombination, Rm

Linkage Disequilbrium, Kelly's ZnS .
Linkage Desequilbium, Rozas's Za .

Linkage Disequibium, Rozas's ZZ

Wal's B
Wal's Q

Fuand Li's D, FLD [ 1162914
Fuand Li's F, FLF [ -1.306039
Fay and Wu's Hn, FWHn | a3
Achaz Y, AY [ 272
Zeng E. ZE 0.308842

o |

Fic. 1. Input for simulating a single locus under the coalescent.

Thanks to the new multithreading capabilities, DnaSP 6
can now efficiently process and analyze the massive data
generated by PyRAD and STACKS programs, namely *alleles,
*loci, and *fa format files. The program can also handle data
from other partitioning approaches (see Lemmon and
Lemmon 2013 for a review), including data from low-
coverage whole-genome sequencing projects generated, for
example, by the DOMINO pipeline (Frias-Lopez et al. 2016),
or variation data stored in the popular Variant Calling Format
(VCF) (Danecek et al. 2011). All these features allow an easy
integration of DnaSP 6 with standard HTS pipelines.

Using multi-MSA files as the input data, DnaSP 6 will carry
out most of the comprehensive population genetic analyses
available for a single locus in DnaSP 5 (Librado and Rozas 2009).
These typically involve the estimation of a large set of statistics
that summarize the patterns and levels of DNA sequence
variation both within and between populations, including esti-
mates of linkage disequilibrium and gene flow (supplementary
tables S1 and S2, Supplementary Material online; see also the
DnaSP documentation). DnaSP 6 additionally estimates the
observed individual heterozygosity from genotype data, a mea-
sure often used as proxy for inbreeding (Balloux et al. 2004).
This new version also incorporates new neutrality tests, includ-
ing the Zengs E (Zeng et al. 2006), especially devised to pinpoint
loci that recently underwent a positive selection event, and
Achaz’s Y* and Y (Achaz 2009), devised to mitigate the impact
of HTS sequencing errors. Furthermore, DnaSP 6 can analyze
full DNA sequence information or variable positions only (SNP

data), phased or unphased SNP data, or genotype data with
different ploidy levels.

Processing and Analysis of Haplotype-Frequency Data
Population-based studies of viruses are rapidly increasing our
knowledge about the molecular mechanisms driving their
evolution, revolutionizing molecular epidemiology and path-
ogenesis (Acevedo et al. 2014; Quinones-Mateu et al. 2014).
These studies usually involve millions of samples from small
DNA regions. To handle such huge sample data sets, we ex-
tensively redefined DnaSP 5 variables, increasing their preci-
sion boundaries, and implemented efficient algorithms for
multithreading calculations (table 1). DnaSP 6 is now capable
of processing the commonly used Arlequin format, which
stores frequency information of haplotype sequences (*.arp;
Excoffier and Lischer 2010).

Multi-Locus Coalescent Simulations

The coalescent theory, which describes the statistical propri-
eties of gene genealogies, is a fundamental tool for under-
standing the evolutionary dynamics of natural populations
(Hudson 1990). DnaSP 6 widely extends its capabilities to
analyze DNA samples under the coalescent, by incorporating
the algorithms described in Hudson (2002) and Ramos-
Onsins and Mitchell-Olds (2007). The new coalescent mod-
ules automatically capture summary statistics calculated from
the observed data, using either the single-locus mode or new
batch routines for multilocus analyses (fig. 1). The current
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version allows evaluating the likelihood of the summary sta-
tistics (by reporting their P values and confidence intervals),
not only under the standard neutral model (already available
in the version 5), but also under wide range of demographic
scenarios, such as population growth (or decline), population
bottleneck, and population split with admixture.

System and Benchmarking

To facilitate the analyses of large data sets, we have migrated
DnaSP from Visual Basic 6 to VB.NET (Visual Studio 2015).
This new Windows programming language supports multi-
threading computation, optimizes RAM memory usage, ena-
bles 64-bit variables and executables, and facilitates
interoperability with the Internet. These features are primary
requirements for user-friendly analyses of large data sets using
personal computers or workstations.

We benchmarked DnaSP 6 performance using diverse data
sets, file formats, and computer configurations (including
Macintosh and Linux operating systems, using virtual
machines) (table 1). We found that DnaSP 6 can efficiently
manage large data files, storing >100,000 MSAs, >100,000
SNPs, or thousands of individuals (up to 500 MB in total). The
software is able to conduct a complete DNA Polymorphism
analysis (which computes 17 summary statistics and neutral-
ity tests; supplementary table S1, Supplementary Material
online) in a few seconds (or minutes, depending on the
data file). For example, using an Intel Core-i7-6700 3.4-GHz
processor and 32 GB of RAM (table 1), the analysis of a VCF
data file of 30 MB (120 diploid individuals, n = 240; 3,967
scaffolds) takes 20's, a VCF File of 232 MB (n = 40; 1,000 scaf-
folds; 101,000 SNPs) 35s, and a multi-FASTA data file of
437 MB (n=130; 98,876 MSAs; 17,220 SNPs) 231s. Similar
performance resulted using Arlequin file formats, completing
the analysis of a data set with 316,976 sequences in 48s.
Therefore, the software is appropriated to analyze represen-
tative data files from diverse genome partitioning methods.

Supplementary Material

Supplementary data are available at Molecular Biology and
Evolution online.
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