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DnaSP version 3: an integrated program for
molecular population genetics and molecular
evolution analysis
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Abstract

Analytical tools

Summary: DnaSP is a Windows integrated software package for the analysis of the DNA polymorphism from
nucleotide sequence data. DnaSP version 3 incorporates
several methods for estimating the amount and pattern of
DNA polymorphism and divergence, and for conducting
neutrality tests.
Availability: For academic uses, DnaSP is available free of
charge from: http://www.bio.ub.es/∼julio/DnaSP.html
Contact: julio@porthos.bio.ub.es

DnaSP estimates several measures of the DNA polymorphism within and between populations, linkage disequilibrium,
recombination, gene flow and gene conversion (Nei, 1987;
Tajima, 1983; Rozas and Rozas, 1997). DnaSP can also carry
out several tests of neutrality and estimate the confidence intervals of some test-statistics by the coalescent (see below).
DnaSP allows the analysis in a subset of sites, or in a subset
of sequences of the data file. The software also allows analyses in synonymous and non-synonymous sites; for the analyses DnaSP can use four different genetic codes (nuclear universal; and the mitochondrial of Drosophila, mammalian
and yeast). Additionally, DnaSP can perform several analyses by the sliding window method.

DnaSP (from DNA Sequence Polymorphism) (Rozas and
Rozas, 1995, 1997) is an integrated software package for the
analysis of the DNA polymorphism from nucleotide sequence data. The major new features of DnaSP version 3
include: (i) analysis of the DNA polymorphism and divergence in synonymous, non-synonymous and silent (both
synonymous sites in the coding region and non-coding positions) sites separately for different functional regions (Nei
and Gojobori, 1986); (ii) analysis of the number of segregating sites and of the pairwise differences distribution (mismatch distribution) in constant size and in growing populations (Rogers and Harpending, 1992; Slatkin and Hudson,
1991; Tajima, 1989b); (iii) algorithms for conducting the
McDonald and Kreitman (1991) and the McDonald (1996,
1998) tests; and (iv) a module for estimating the confidence
intervals of some test-statistics by the coalescent model
(Hudson, 1990). DnaSP runs on IBM-compatible personal
computers under 32-bit Microsoft Windows.

Data files
DnaSP can read four different nucleotide sequence file formats: MEGA, NBRF/PIR, NEXUS, and PHYLIP. DnaSP
can also convert (export) sequences from one file format to
another. Additionally, DnaSP also allows conversion of the
data file to the file format recognized by the Hudson et al.
(1992) program for detecting population subdivision.
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Neutrality tests
DnaSP can conduct the neutrality tests of Hudson et al.
(1987), Tajima (1989a), McDonald and Kreitman (1991),
and Fu and Li (1993). The Hudson et al. (1987) test (HKA
test) is based on the neutral theory of molecular evolution
prediction (Kimura, 1983) that regions of the genome that
evolve at high rates will also present high levels of polymorphism within species. DnaSP can perform the HKA test
comparing: (i) two regions of the data file of arbitrary size;
(ii) autosomal and sex-linked regions; and (iii) regions
differing in the number of sequences (intraspecific data) or
differing in the number of sites (between the intraspecific and
the interspecific data). The Tajima (1989a) and Fu and Li
(1993) tests contrast different estimates of θ (θ = 4Nµ, where
N is the effective population size, and µ is the mutation rate
per sequence and per generation). For the latter, DnaSP can
conduct tests with or without outgroup. The McDonald and
Kreitman (1991) test compares the synonymous and nonsynonymous variation within and between species. Under
neutrality, the ratio of non-synonymous to synonymous
fixed substitutions between species should be the same as the
ratio of non-synonymous to synonymous polymorphisms
within species. Additionally, DnaSP can also generate the
input data file for performing the tests proposed by McDo Oxford University Press

Molecular population genetics analysis

nald (1996, 1998) to detect heterogeneity in the polymorphism to divergence ratio across a region of DNA. These tests
are based on the distribution, across a region of DNA, of
polymorphic sites and fixed differences.

Coalescent simulations
DnaSP can perform computer simulations based on the coalescent process for a neutral infinite-sites model without recombination and assuming a large constant population size
(Hudson, 1990). DnaSP performs computer simulations, (i)
fixing the value of θ (i.e. assuming a value of θ), or (ii) fixing
S, the number of segregating sites (mutations) on the genealogy. From the simulations DnaSP generates the distribution
of the Tajima’s D (Tajima, 1989a) and of the raggedness r
(Harpending, 1994) test statistics. Therefore, DnaSP can
estimate both the confidence limits for a given confidence
interval and the probability of obtaining values of the statistic
lower (or higher) than the observed. Thus, both one-sided
and two-sided tests can be conducted.
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