
BioMed CentralBMC Bioinformatics

ss
Open AcceSoftware
Genome-wide DNA polymorphism analyses using VariScan
Stephan Hutter†1,2, Albert J Vilella†1 and Julio Rozas*1

Address: 1Departament de Genètica, Facultat de Biologia, Universitat de Barcelona, Diagonal 645, 08028 Barcelona, Spain and 2Department 
Biology II – Evolutionary Biology, University of Munich, Munich, Germany

Email: Stephan Hutter - hutter@zi.biologie.uni-muenchen.de; Albert J Vilella - avilella@ebi.ac.uk; Julio Rozas* - jrozas@ub.edu

* Corresponding author    †Equal contributors

Abstract
Background: DNA sequence polymorphisms analysis can provide valuable information on the
evolutionary forces shaping nucleotide variation, and provides an insight into the functional
significance of genomic regions. The recent ongoing genome projects will radically improve our
capabilities to detect specific genomic regions shaped by natural selection. Current available
methods and software, however, are unsatisfactory for such genome-wide analysis.

Results: We have developed methods for the analysis of DNA sequence polymorphisms at the
genome-wide scale. These methods, which have been tested on a coalescent-simulated and actual
data files from mouse and human, have been implemented in the VariScan software package version
2.0. Additionally, we have also incorporated a graphical-user interface. The main features of this
software are: i) exhaustive population-genetic analyses including those based on the coalescent
theory; ii) analysis adapted to the shallow data generated by the high-throughput genome projects;
iii) use of genome annotations to conduct a comprehensive analyses separately for different
functional regions; iv) identification of relevant genomic regions by the sliding-window and wavelet-
multiresolution approaches; v) visualization of the results integrated with current genome
annotations in commonly available genome browsers.

Conclusion: VariScan is a powerful and flexible suite of software for the analysis of DNA
polymorphisms. The current version implements new algorithms, methods, and capabilities,
providing an important tool for an exhaustive exploratory analysis of genome-wide DNA
polymorphism data.

Background
The comparative analysis of DNA sequence variation
within species (polymorphism) and between species
(divergence) is a powerful approach to understand the
evolutionary process (e.g. [1,2]), and represents an insight
into the functional significance of genomic regions (for
instance, see [3]). Particularly, the detection of both posi-
tive and negative purifying selection at the molecular level
is of major interest. Since positive Darwinian selection is

ultimately responsible for evolutionary adaptations, the
detection of genomic regions driven by positive selection
has profound implications in evolutionary biology as well
as in understanding the gene function. The identification
of regions evolving by negative selection is also very
important as conserved regions are most likely to be func-
tionally significant. The inference of such evolutionary
process requires knowing how within-species DNA
sequences change under neutrality [4]. In this context, the
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coalescent theory [5,6] has become the primary frame-
work for the analysis of DNA polymorphism data.

Currently, there are few convincing studies on the action
of recent -or ongoing- positive selection at the intraspe-
cific level (e.g. [7-9]). Apparently, the most important dif-
ficulty is that demographic events such as migration,
population expansions or bottlenecks can mimic the sig-
nature of selective processes; therefore, it is not easy to
detect the specific imprint of positive selection on individ-
ual genes or on short stretches of DNA. The distinction
between natural selection and other demographic events
requires the surveys of large genome regions (for instance,
see [8,10-12]). The detection of negative purifying selec-
tion on DNA sequences, on the contrary, has been much
easier [13]; in fact negative selection is acting continu-
ously while positive selection is much more episodic.
Indeed, there are many surveys where the action of nega-
tive purifying selection has been detected even at non-
coding DNA regions [e.g. [14,15]]. Undoubtedly, such
studies will provide fundamental insights into the func-
tional significance of non-coding DNA. Even so, there are
very few studies analysing the within and between-species
patterns of nucleotide variation at the genome-wide scale.

Recent genome projects efforts, as the HapMap [16],
ENCODE [17], SimYak [18], DPGP [19] and the Mouse
Genome Resequencing Project [20] will change radically
our capabilities to detect specific genomic regions shaped
by natural selection. Although with different goals, these
projects will generate SNPs (single nucleotide polymor-
phisms) data from many whole-genome copies. A limit-
ing critical point has been the absence of adequate
bioinformatic tools for such analysis. Although there are
powerful programs for molecular population genetic
analyses (for instance, ProSeq [21], DnaSP [22] and Arle-
quin [23]), they are not completely satisfactory for the
high-throughput kind of data released by these projects.

Here, we describe version 2 of the VariScan software [24].
In this new version we implemented new methods and
features for an exhaustive analysis of DNA sequence poly-
morphisms at the genome-wide scale, using a graphical
user-friendly interface. In particular, the current version of
the software allows i) reading several informative-rich
genome-wide data files; ii) estimating many population-
genetic parameters including coalescent-based statistics;
iii) a separate analysis for different genomic regions, func-
tional categories, chromosome locations, etc; iv) adapted
analysis for shallow data generated by high-throughput
genome projects; v) the identification of relevant genomic
regions by using the sliding-window (e.g. [25]) and wave-
let-multiresolution approaches [26-28]; vi) the visualiza-
tion of the results integrated with current genome

annotations in the most commonly available genome
browsers.

Implementation
VariScan main algorithms are written in ANSI C. The soft-
ware also includes a number of scripts written in Perl, and
a GUI front-end developed in Java. VariScan currently
runs on a wide variety of platforms, such as Linux, MacOS
X and Win32. VariScan also uses the LastWave version 2.0
software [29] that is invoked from the Java front-end.

Results
New features
VariScan version 2 incorporates substantial improve-
ments over version 1: it implements many new methods
and features and also includes a graphical user-friendly
interface. Specifically, VariScan 2 allows handling input
data files with DNA sequence information from (one or
more) outgroup species. This feature allows the current
version of VariScan conducting divergence estimates, neu-
trality tests and other parameters requiring such informa-
tion. The second major improvement is the possibility to
conduct separate analysis of different genomic regions (in
exonic, intronic, etc), functional categories (such those
defined in the Gene Ontology) and chromosome loca-
tions. In addition, VariScan version 2 implements new
features to visualize the results of the sliding-window, as
well of the wavelet-multiresolution approaches, inte-
grated with current genome annotations in the most com-
monly available genome browsers. Since the data analysis
by using such methods is complicated, we have incorpo-
rated an easy-to-use graphical user interface which allows
conducting all needed computing steps, including those
of the wavelet-multiresolution methods.

Overview
VariScan can read multiple alignment formats as MAF,
MGA, PHYLIP, XMGA as those used in the HapMap
project [16], with DNA sequence polymorphism data
(within-species variation), and also with interspecific
nucleotide variation (outgroup information). The soft-
ware allows conducting exhaustive population-genetic
analyses using genome annotations, and permits the visu-
alization of the results integrated in the most commonly
available genome browsers. The analysis can be per-
formed using the available GUI (Graphical User Interface)
(figure 1) or under a command-line mode.

Molecular population genetics analysis
VariScan computes state-of-the-art population genetic
parameters and coalescent-based statistics including those
requiring outgroup nucleotide information [5,6,30,31].
In particular, VariScan calculates (1) the standard sum-
mary statistics of nucleotide polymorphism and diver-
gence levels [30,32], such as the population mutational
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Graphical User Interface of VariScan showing the major options of analysisFigure 1
Graphical User Interface of VariScan showing the major options of analysis.



BMC Bioinformatics 2006, 7:409 http://www.biomedcentral.com/1471-2105/7/409
parameter (θ), nucleotide diversity (π), haplotype diver-
sity or the number of nucleotide substitutions per site (K);
(2) linkage disequilibrium based-statistics: D' [33], r2

[34], and ZnS [35]; (3) neutrality-based tests: Tajima's D
[36], Fu and Li's D*, F*, D and F [37], Fu's FS [38], and Fay
and Wu's H [39]. All parameters and statistics can be con-
ducted by means of the sliding window (SW) [25], or the
multiresolution analysis (MRA) approaches [26-28].

Missing data
Previous statistics are commonly estimated after exclud-
ing all sites with alignment gaps or missing data (i.e., the
standard Complete Deletion option). However, current
genome sequencing projects are generating high-through-
put data with a large number of sites with missing infor-
mation. For example, only ~10% of the polymorphic sites
identified in Patil et al. [40] study were typed in all 20
chromosomes. Therefore, it is clearly convenient to
develop and implement statistics that could capture rele-
vant information included from sites with missing data
(about 90% in Patil et al.'s data). Here, we have imple-
mented a version of π (πm) dealing with missing data. We
define πm (per site) as

where l is the net number of positions surveyed (see
below), and k is the average number of nucleotide differ-
ences that is given by

where m is the total number of positions (including sites
with missing information, but excluding all positions
with alignment gaps), and hi is heterozygosity at site i, that
is defined as

where ni is the total number of chromosomes (sequences)
excluding those with missing data at site i (i.e., the net
sample size), and xij is the relative frequency of nucleotide
variant j (j = 1, 2, 3, and 4 correspond to A, C, G, and T)
at site i. We denote as l (the net number of positions) the
total number of positions excluding those sites with ni ≤ 1.
In estimating πm, all sites with alignment gaps should be
excluded from the analysis. The rationale for this criterion
is that while missing data are likely accumulated at ran-
dom, alignment gaps are not; indeed, two (or more)
sequences with gaps in a given position likely correspond

to a single insertion/deletion event occurred in a common
ancestor.

Analysis of different functional regions
VariScan allows a fine and detailed analysis of the pattern
and levels of nucleotide variation at different functional
regions. More precisely, it allows a separate analysis of dif-
ferent genomic regions (e.g., intergenic, noncoding,
exonic, intronic, etc.), functional categories (a particular
Gene Ontology category), or chromosome locations (spe-
cific chromosomal bands or arms, etc.). For the analysis
VariScan uses current genome annotations available in
public databases. This task is accomplished by a Perl script
(gff2bdf.pl) that parses the appropriate genome informa-
tion contained in a GFF (General Feature Format) file
[41], and returns a BDF (Block Data File) file directly used
by VariScan. The BDF format, which is very similar to that
used in VISTA server [42], consists of a tab-delimited list
of the relevant positions (the chromosome positions of
the genome feature on the reference sequence) to be ana-
lysed. gff2bdf.pl incorporates several pre-defined filter
options; the script, nevertheless, can be easily adapted to
accommodate specific or more complex analyses.

Wavelet transform and multiresolution analysis
VariScan incorporates both the standard SW and the
wavelet-based methods to identify particular genome fea-
tures along the DNA sequence. The wavelet transform
(WT), like Fourier transform, is a mathematical transfor-
mation widely used to extract information from signals. A
signal can be resolved simultaneously in time (or space)
and frequency domain by WT. The Fourier transform, on
the contrary, only contains frequency information and,
therefore, fails to detect spectral components localized in
the time (or space) domain. Therefore, wavelet-based
analysis provides a method to decompose the signal into
high and low frequencies and therefore it is useful in
extracting feature information at different scales. For the
present analysis, time/space and frequency should be
regarded as the position of the nucleotide sequence (a
multiple alignment of nucleotide sequence data) and the
relevant parameter intensity (levels of nucleotide diver-
sity, linkage disequilibrium, etc), respectively. In this con-
text, the signal is the profile of the relevant statistic along
the DNA sequence. Here, we used the WT to decompose
the signal into high and low frequencies for detecting glo-
bal and local relevant features from genome-scale DNA
polymorphism data.

There are two basic kinds of WT, continuous (CWT) and
discrete (DWT). The CWT of a signal x(t) is defined as
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where τ represents translation (time/space shift), s repre-
sents scale (or dilation; the inverse of the frequency), ψ(t)
is the transforming function or mother wavelet, and the
asterisk denotes a complex conjugate. There are a number
of suitable mother wavelet functions; the choice of the
particular mother wavelet to be used, nevertheless, should
be adapted to the actual information to be extracted from
the signal. Signals are analysed by CWT, which is obtained
by scaling and translating (shifting) the mother wavelet
along the signal. This process generates the wavelet coeffi-
cients (which represent the fit between the function and a
particular scale-time of signal) that capture relevant infor-
mation from a signal.

Here, we used the DWT (discrete wavelet transform),
which is just the discrete version of CWT, because of the
discrete nature of the signal to be analysed (DNA poly-
morphism data). The signal, which can be envisaged as a
one-dimensional vector (of length L), is analysed by the
wtrans1d module of LastWave v2.0 software [29] using
Daubechies' D4 [43] as the default wavelet filter since it is
adequate for locating features, such as peaks and valleys,
from a signal [44]. The DWT analysis requires a signal to
have a number of points equal to some power of two. For
this purpose, and to avoid the boundary effect problem,
we used the mirror padding method. With this approach
the signal is extended by mirroring both ends at the
boundaries, to achieve a total length (L') as a power of
two. After the WT analysis, the padding tags are discarded
and the original signal (of length L) is recovered. DWT can
be conducted by means of the MRA [27]. This method
uses a fast algorithm based on orthogonal wavelets, lead-
ing to the decomposition of a signal into different resolu-
tion levels; consequently, it enables the extraction of
valuable information at different scales. Under this
method, the original signal is decomposed by two com-
plementary filters (half-band filters). As a result, the signal
is split into two equal parts: one including the high-fre-
quency components (detail coefficients), and the other
with low frequency components (approximation coeffi-
cients) (Figure 2). While details are not further analysed,
the approximation component is successively decom-
posed, split into two new high and low frequency compo-
nents. The decomposition process can continue
hierarchically until the detail component consists of a sin-
gle coefficient. Orthogonal wavelets allow for the further
reconstruction of the signal, which can be used for an easy
location of features along the DNA sequence.

In the context of DNA polymorphism analysis, the signal
is the raw profile of the statistic (for instance, nucleotide
diversity or linkage disequilibrium levels) obtained along
the DNA sequence. The signal is further decomposed to all
analysed levels (MRA analysis) using the orthogonal
wavelet decomposition method. The orthogonal property

of Daubechies' wavelets allows for reconstruction of the
signal. The outcome is the reconstructed wavelet-trans-
form profiles of the population genetic parameter along
the sequence, which can be used for detecting global and
local relevant features (i.e., at different resolution scales)
on genome-wide DNA polymorphism data.

Output visualization
The SW and MRA results can easily be visualized in avail-
able genome browsers (see figure 3), such as the Human
Genome Web Browser at UCSC [45] and any Web
browser using Gbrowse [46]. This is accomplished by
writing the relevant outcome in the so-called custom
annotation track formats. In this way, the relevant results
(profile of the haplotype or nucleotide diversity along the
DNA sequence) can be visualized integrating available
genome features (genes, repetitive or intergenic regions,
etc).

Wavelet decomposition treeFigure 2
Wavelet decomposition tree. MRA allows for the decompo-
sition of a signal into several resolution levels. First, the orig-
inal signal (with a power of two points) is decomposed by 
two complementary half-band filters (high-pass and low-pass 
filters) that divide a spectrum into high-frequency (detail 
coefficients; D1) and low-frequency (approximation coeffi-
cients; A1) components (bands). For example, the low-pass 
filter will remove all half-band highest frequencies. Informa-
tion from only the low frequency band (A1), with a half 
number of points, will be filtered in the second decomposi-
tion level. The A2 outcome will be filtered again for further 
decomposition.
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Data analysis
We tested the performance of the methods implemented
in the VariScan software by analysing two qualitatively
different data sets: i) a computer-simulated data set gener-
ated by applying coalescent methods, and ii) SNP data
from the Mouse Genome Resequencing Project [20], and
from the Patil et al. [40] study in human. MRA analysis
conducted using windows of 1 bp captures all informa-
tion of the data. Small windows, however, increase the
computational RAM-time requirements, and in fact are
not strictly necessary. However, we can use larger win-
dows without losing interesting features. Even so, unlike
the SW analyses, the MRA results are nearly independent
of the chosen window length. Moreover, the SW would
likely fail in detecting small-size features at the whole
genome scale. For the MRA analysis, the optimal window
size to detect most of the interesting features will depend
on the current nucleotide diversity values and on of the
sample size of the study. These values will be the input
(the signal) for the MRA. From a practical standpoint,
analysis of 10–30 sequences may be conducted by using
non-overlapping windows of 50–500 bp for per-site θ val-
ues of 0.01, up to 500–5000 bp for θ = 0.001, as in Dro-
sophila and humans, respectively.

Computer-simulated data set
We generated random data sets based on the simplest
non-recombining coalescent model [6] as follows: i) gen-
eration of evolutionary times and the gene genealogy (fix-
ing the number of sequences); ii) incorporation of
Poisson-randomly distributed mutations (fixing the pop-
ulation mutation parameter θ). Subsequently, we modify
this data set by changing (at specific locations) the applied
θ value. In particular, we reduced nucleotide diversity val-
ues continuously and symmetrically. We made changes at
two different levels: iii) one or more chromosome-wide
nucleotide diversity reductions; iv) additional reductions
at narrow regions. These changes were conducted by using
different intensity (parameter α; the degree of nucleotide
diversity reduction) and stretch lengths (parameter β; β
specifies the half-length of the affected region) values.
Therefore, the simulated data set mimics the effects caused
by partial selective sweeps upon different nucleotide
diversity levels. The analysis of one of these simulated
data files is given in Figure 4. It can be seen that the MRA
technique recovers the two different intensity types of dis-
torted regions included in the data: nucleotide diversity
reductions affecting small DNA stretches are detected at

Visualization on the UCSC browser of the MRA analysis based on θ values from the mouse genome resequencing project data [20]Figure 3
Visualization on the UCSC browser of the MRA analysis based on θ values from the mouse genome resequencing project data 
[20]. The USCS browser shows a 20 Mb-region (within positions 65.000,001–85,000,000). The first two tracks (customer 
tracks) represent the signal reconstruction of low-frequency bands with information from 9 to 11 MRA levels (first track), and 
from 12 to 16 MRA levels (second track).
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Application of the MRA analysis to the coalescent-simulated data setFigure 4
Application of the MRA analysis to the coalescent-simulated data set. The data contains 10 sequences of 2,000,000 bp each, and 
it was generated applying a per-site value of θ = 0.01. Upon this raw data set, we made two different levels of changes: i) two 
wide reductions in nucleotide diversity levels (g1: α = 1/3, β = 500,000; g2: α = 1/2, β = 500,000); and ii) 11 local valleys of 
reduced variability (v1: α = 1/4, β = 20,000; v2: α = 1/4, β = 15,000; v3: α = 1/4, β = 10,000; v4: α = 1/4, β = 5,000; v5: α = 1/4, 
β = 2,000; v6: α = 1/3, β = 20,000; v7: α = 1/3, β = 10,000; v8: α = 1/3, β = 5,000; v9: α = 1/2, β = 10,000; v10: α = 1/2, β = 5,000; 
v11: α = 1/2, β = 2,000). (a) nucleotide diversity profile obtained by SW using non-overlapping windows of 50 bp; (b) Signal 
reconstruction of low-frequency bands with information from 7 to 8 MRA levels, showing the location (in arrows) of 5 
depleted-variation regions (v4–5, v8, v10–11; β ≤ 5,000). c) Signal reconstruction from 9 to 12 MRA levels, showing the location 
(in arrows) of 9 depleted-variation regions (v1–4, v6–10; 5,000 ≤ β ≤ 20,000). d) Signal reconstruction from 13 to 15 MRA levels, 
showing the location (in arrows) of the two broad areas with reduced levels of variation (g1–2; β = 500,000). The nucleotide 
sequence positions (X axis) are given in kb.
.
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lower MRA levels while more genome-wide reductions are
identified at higher levels.

DNA polymorphism data from the Mouse Genome Resequencing 
Project
The Mouse Genome Resequencing Project is conducting a
genome-wide DNA resequencing survey in 15 inbred
strains of mice using an array-based resequencing technol-
ogy. In spite that the project in not finished yet, some
chromosomes are quite well covered. Here, we use VariS-
can to analyse the levels of nucleotide diversity along the
chromosome 11 (121,803,636 bp; NCBI build 34 which
corresponds to the UCSC release of March 2005). Since
the polymorphism data were determined in inbred strains
(and therefore homozygous) we will consider one
sequence per strain (i.e., the sample size is 15). The mouse
chromosome 11 data set contains 262,988 SNPs; not all
of these SNPs, nevertheless, were typed in all 15 strains
because of experimental errors (the average number of
missing chromosomes per site was 2.30; and only 91,119
SNPs were typed in all 15 strains). Estimates of nucleotide
diversity (πm) were πm = 0.00072. Nonetheless, since
many repetitive regions of the chromosome were not
completely resequenced, current nucleotide diversity val-
ues likely are underestimated.

Nucleotide diversity values along the chromosome, never-
theless, contain much more information than the global
π values. For instance, the SW method allows identifying
constrained regions, and it could facilitate the detection of
the distinctive fingerprint of positive selection. The MRA
analysis is clearly a much more useful method for detect-
ing specific genomic features at different scales. Addition-
ally, the results of these analyses can be visualized
integrated with current genome annotations using availa-
ble genome browsers (figure 3). The MRA analysis
revealed a strong heterogeneous nucleotide diversity pro-
file along the DNA region, including a number of peaks
and valleys. Although it is premature to determine the
evolutionary meaning of these regions, the joint visualiza-
tion of the MRA results with current annotated genomic
features (genes, haplotype information, etc) is a compre-
hensive tool for their characterization and further under-
standing.

Patil et al. [40] data set
This data set contains the 35,989 SNPs identified in the
survey of 32.4 Mb (21.7 Mb after excluding repetitive-
masked positions; nearly all human chromosome 21) in
20 ethnically diverse individuals using high-density oligo-
nucleotide arrays. However, for an easy and comprehensi-
ble interpretation of the results we do not use this raw
data. First, we excluded all singletons variants because the
used array-based technology had little power in their
identification. Second, we only analysed SNPs confirmed

in the NCBI build 34 of the human genome (Patil et al.'s
data were based on an older NCBI build). Third, we
focused the analysis on SNPs located in the longest contig
(NT_002836; named NT_011512 in NCBI build 34
release) of Patil et al.'s data, since there were missing
regions between contigs. In total, we analyzed 21,218
SNPs (there were 21,840 in Patil et al.'s data) in a region
of 28.6 Mb long (the net number of sites l was 19.1 Mb
after excluding repetitive-masked positions) in 20 individ-
uals.

For the total NT_011512 contig data, only 2097 SNPs
(10%) were typed in all 20 chromosomes, resulting on
3.87 missing chromosomes per site. Estimates of nucle-
otide diversity (πm) was πm = 0.00044. This value is lower
than that reported in Patil et al.'s study (π = 0.00072) (see
also [47]); these estimates, however, are not completely
comparable because we are using only a subset of Patil's
data. Particularly, we have not taken into account single-
ton information, while the expected frequency of single-
tons (mutations occurring on the external branches of the
genealogy) for a neutrally evolving region in a sample of
20 sequences is 0.297 (0.321 if we consider that the net
number of chromosomes is 16). Thus, roughly 30% of the
SNPs should be singletons, although the actual value is
likely higher since many human regions have negative
Tajima's D values. Considering this 30% as the true per-
centage of singletons in the sample, the πm estimates for
the total contig would be 0.00050.

Discussion
Detecting the action of positive natural selection is critical
to understand and identify the evolutionary forces that
have shaped organismal traits and genomes. Despite the
profound implications in evolutionary biology and in
medicine currently there are few convincing evidences of
the action of positive selection. Since purifying selection
weeding out deleterious mutations operates continu-
ously, their detection had been much easier. Indeed, the
detection of evolutionarily conserved regions has been
proven to be a very effective method for the identification
of functionally important regions, such as regulatory ele-
ments. The detection of the distinctive signature of natural
selection can, nevertheless, be detected by analysing the
spatial distribution of polymorphisms across the genome;
essentially, positive natural selection causes a distinctive
fingerprint on the pattern of nucleotide variation both in
the target of selection but also in their surrounding
regions. For instance, the selective sweep (or hitchhiking
effect) produced when selection drives an advantageous
mutation to fixation, will affect variation at relatively
short DNA sequence stretches (of some kb; the magnitude
of the effect is determined by the relative strength of selec-
tion and recombination) [48,49]. On the other hand,
demographic effects will have a genome-wide signature.
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The identification of the specific regions evolving under
natural selection at the genome scale requires, however,
new analytical methods and bioinformatics tools. In spite
of the impressive recent development of such methods
[50], nevertheless, they are not fully adequate for a
genome-wide analysis. In this context, VariScan software
overcomes many limitations of current software and
methods, and it is useful as an exploratory tool in the
analysis of DNA polymorphism at the genome scale. Var-
iScan can handle the vast amount of DNA polymorphism
data generated by large genome-based projects, and
implements efficient methods, such as SW and MRA, to
determine the common patterns of nucleotide variation
and to identify specific features, along large (chromo-
some-wide) DNA fragments. The SW has been extensively
used in DNA polymorphism studies for exploratory data
analysis [22]. This method allows obtaining a relevant
parameter profile (e.g., nucleotide or haplotype diversity,
linkage disequilibrium) along a DNA region and, there-
fore, is instrumental in detecting the distinctive footprint
of natural selection, mainly in genome wide-based analy-
sis. Unfortunately, the determination of the appropriate
window size represents an important limitation of the
method. This is a critical point because the accuracy of
extracting features from DNA sequence data (i.e, the sig-
nature of natural selection) strongly depends on the win-
dow size. Although there have been some statistical
attempts to determine the window size [51,52], the usual
approach is by trial-and-error. The MRA-based analysis,
on the contrary, can be used to detect genomic features
even at different resolution scales; for example, features in
various nucleotide diversity backgrounds. Therefore, the
method can be helpful in detecting relevant features from
DNA polymorphism data at a genome-wide scale, such as
conserved regions, peaks and valleys of nucleotide diver-
sity, linkage disequilibrium clusters, etc. that, in turn,
might reveal the distinctive footprint left by the action of
natural selection.

Conclusion
In summary, the version 2 of the VariScan software imple-
ments new methods and features for an exhaustive DNA
sequence polymorphism analysis at the genome-wide
scale. We have tested the performance of the methods
implemented in the software by analysing computer-sim-
ulated and real data sets.

Availability and requirements
Project name: VariScan

Project home page: http://www.ub.es/softevol/variscan.
Source code, executables and documentation are available
from this site.

Operating system(s): Linux, MacOSX, Windows

Programming languages: ANSI C, Java, Perl

Other requirements: Java 1.4 or higher, Perl 5.6 or higher

License: GNU GPL
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authors read and approved the final manuscript. SH and
AJV equally contributed to this work.

Acknowledgements
We are very grateful to M. Aguadé, S. O. Kolokotronis, S. Ramos-Onsins, 
M. Schuster and C. Segarra for their valuable comments and suggestions. 
This work was supported by grants BMC2001–2906 and BFU2004–02253 
from the Dirección General de Investigación Científica y Técnica (DGI-
CYT) of Spain.

References
1. Hudson RR, Kreitman M, Aguadé M: A test of neutral molecular

evolution based on nucleotide data.  Genetics 1987,
116:153-159.

2. McDonald JH, Kreitman M: Adaptive protein evolution at the
Adh locus in Drosophila.  Nature 1991, 351:652-654.

3. Hughes AL, Yeager M: Natural selection at major histocompat-
ibility complex loci of vertebrates.  Annu Rev Genet 1998,
32:415-435.

4. Kimura M: The Neutral Theory of Molecular Evolution Cambridge: Cam-
bridge University Press; 1983. 

5. Kingman JFC: On the genealogy of large populations.  J Appl Prob
1982, 19A:27-43.

6. Hudson RR: Gene genealogies and the coalescent process.  Oxf
Surv Evol Biol 1990, 7:1-44.

7. Sabeti PC, Reich DE, Higgins JM, Levine HZ, Richter DJ, Schaffner SF,
Gabriel SB, Platko JV, Patterson NJ, McDonald GJ, Ackerman HC,
Campbell SJ, Altshuler D, Cooper R, Kwiatkowski D, Ward R, Lander
ES: Detecting recent positive selection in the human genome
from haplotype structure.  Nature 2002, 419:832-837.

8. Quesada H, Ramírez UEM, Rozas J, Aguadé M: Large-Scale Adap-
tive Hitchhiking upon High Recombination.  Genetics 2003,
165:895-900.

9. Mekel-Bobrov N, Gilbert SL, Evans PD, Vallender EJ, Anderson JR,
Hudson RR, Tishkoff SA, Lahn BT: Ongoing Adaptive Evolution
of ASPM, a Brain Size Determinant in Homo sapiens.  Science
2005, 309:1720-1722.

10. Orengo DJ, Aguadé M: Detecting the Footprint of Positive
Selection in a European Population of Drosophila mela-
nogaster: Multilocus Pattern of Variation and Distance to
Coding Regions.  Genetics 2004, 167:1759-1766.

11. Haddrill PR, Thornton KR, Charlesworth B, Andolfatto P: Multilo-
cus patterns on nucleotide variability and the demographic
and selection history of Drosophila melanogaster popula-
tions.  Genome Res 2005, 15:790-799.

12. Nordborg M, Hu TT, Ishino Y, Jhaveri J, Toomajian C, Zheng H,
Bakker E, Calabrese P, Gladstone J, Goyal R, Jakobsson M, Kim S,
Morozov Y, Padhukasahasram B, Plagnol V, Rosenberg NA, Shah C,
Wall JD, Wang J, Zhao K, Kalbfleisch T, Schulz V, Kreitman M, Bergel-
son J: The pattern of polymorphism in Arabidopsis thaliana.
PLoS Biology 2005, 3:1289-1299.

13. Kreitman M: Nucleotide polymorphism at the alcohol dehy-
drogenase locus of Drosophila melanogaster.  Nature 1983,
304:412-417.

14. Andolfatto P: Adaptive evolution of non-coding DNA in Dro-
sophila.  Nature 2005, 437:1149-1152.

15. MacDonald SJ, Long AD: Identifying Signatures of Selection at
the Enhancer of split Neurogenic Gene Complex in Dro-
sophila.  Mol Biol Evol 2005, 22:607-619.

16. HapMap web site   [http://www.genome.gov/10001688]
17. ENCODE web site   [http://www.genome.gov/10005107]
Page 9 of 10
(page number not for citation purposes)

http://www.ub.es/softevol/variscan
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3110004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3110004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1904993
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1904993
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9928486
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9928486
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12397357
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12397357
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14573496
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14573496
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16151010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16151010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15342514
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15342514
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15342514
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15930491
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15930491
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15930491
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6410283
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6410283
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16237443
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16237443
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15537803
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15537803
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15537803
http://www.genome.gov/10001688
http://www.genome.gov/10005107


BMC Bioinformatics 2006, 7:409 http://www.biomedcentral.com/1471-2105/7/409
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

18. SimYak web site   [http://www.dpgp.org/sim_yak/]
19. DPGP web site   [http://www.dpgp.org/about_dpgp/]
20. Mouse Genome Resequencing Project web site   [http://

www.niehs.nih.gov/crg/cprc.htm]
21. Filatov DA: ProSeq: A software for preparation and evolution-

ary analysis of DNA sequence data sets.  Mol Ecol Notes 2002,
2:621-624.

22. Rozas J, Sánchez-DelBarrio JC, Messeguer X, Rozas R: DnaSP, DNA
polymorphism analyses by the coalescent and other meth-
ods.  Bioinformatics 2003, 19:2496-2497.

23. Excoffier L, Laval G, Schneider S: Arlequin (version 3): An inte-
grated software package for population genetics data analy-
sis.  Evol Bioinformatics Online 2005, 1:47-50.

24. Vilella AJ, Blanco-Garcia A, Hutter S, Rozas J: VariScan: Analysis of
evolutionary patterns from large-scale DNA sequence poly-
morphism data.  Bioinformatics 2005, 21:2791-2793.

25. Rozas J, Rozas R: DnaSP, DNA sequence polymorphism: an
interactive program for estimating Population Genetics
parameters from DNA sequence data.  Comput Appl Biosci 1995,
11:621-625.

26. Arneodo A, Bacry E, Graves P, Vand Muzy JF: Characterizing long-
range correlations in DNA sequences from wavelet analysis.
Phys Rev Lett 1995, 74:3293-3296.

27. Mallat SG: A theory for multiresolution signal decomposition:
the wavelet representation.  IEEE Trans Pattern Anal Mach Intell
1989, 11:674-693.

28. Liò P: Wavelets in bioinformatics and computational biology:
state of art and perspectives.  Bioinformatics 2003, 19:2-9.

29. LastWave v2.0 software web site   [http://www.cmap.polytech
nique.fr/~bacry/LastWave/]

30. Nei M: Molecular Evolutionary Genetics New York: Columbia University
Press; 1987. 

31. Rosenberg NA, Nordborg M: Genealogical trees, coalescent
theory, and the analysis of genetic polymorphisms.  Nat Rev
Genet 2002, 3:380-390.

32. Depaulis F, Veuille M: Neutrality tests based on the distribution
of haplotypes under an infinite-site model.  Mol Biol Evol 1998,
15:1788-1790.

33. Lewontin RC: The interaction of selection and linkage. I Gen-
eral considerations: heterotic models.  Genetics 1964, 49:49-67.

34. Hill WG, Robertson A: Linkage disequilibrium in finite popula-
tions.  Theor Appl Genet 1968, 38:226-231.

35. Kelly JK: A test of neutrality based on interlocus associations.
Genetics 1997, 146:1197-1206.

36. Tajima F: Statistical method for testing the neutral mutation
hypothesis by DNA polymorphism.  Genetics 1989, 123:585-595.

37. Fu YX, Li WH: Statistical tests of neutrality of mutations.
Genetics 1993, 133:693-709.

38. Fu YX: Statistical tests of neutrality of mutations against pop-
ulation growth, hitchhiking and background selection.  Genet-
ics 1997, 147:915-925.

39. Fay JC, Wu CI: Hitchhiking under positive Darwinian selec-
tion.  Genetics 2000, 155:1405-1413.

40. Patil N, Berno AJ, Hinds DA, Barrett WA, Doshi JM, Hacker CR,
Kautzer CR, Lee DH, Marjoribanks C, McDonough DP, Nguyen BTN,
Norris MC, Sheehan JB, Shen N, Stern D, Stokowski RP, Thomas DJ,
Trulson MO, Vyas KR, Frazer KA, Fodor SPA, Cox DR: Blocks of
Limited Haplotype Diversity Revealed by High-Resolution
Scanning of Human Chromosome 21.  Science 2001,
294:1719-1723.

41. GFF file format   [http://www.sanger.ac.uk/Software/formats/GFF/]
42. VISTA server   [http://genome.lbl.gov/vista/index.shtml]
43. Daubechies I: Ten lectures on wavelets.  CBMS-NSF Regional Confer-

ence Series in Applied Mathematics. Philadelphia 1992.
44. Liò P, Vanucci M: Finding pathogenicity islands and gene trans-

fer events in genome data.  Bioinformatics 2000, 16:932-940.
45. Kent WJ, Sugnet CW, Furey TS, Roskin KM, Pringle TH, Zahler AM,

Haussler D: The Human Genome Browser at UCSC.  Genome
Res 2002, 12:996-1006.

46. Stein LD, Mungall C, Shu S, Caudy M, Mangone M, Day A, Nickerson
E, Stajich JE, Harris TW, Arva A, Lewis S: The generic genome
browser: a building block for a model organism system data-
base.  Genome Res 2002, 12:1599-1610.

47. Innan H, Padhukasahasram B, Nordborg M: The Pattern of Poly-
morphism on Human Chromosome 21.  Genome Res 2003,
13:1158-1168.

48. Kaplan NL, Hudson RR, Langley CH: The "hitchhiking effect"
revisited.  Genetics 1989, 123:887-899.

49. Kim Y, Stephan W: Detecting a local signature of genetic hitch-
hiking along a recombining chromosome.  Genetics 2002,
160:765-777.

50. Hudson RR: Generating samples under a Wright-Fisher neu-
tral model of genetic variation.  Bioinformatics 2002, 18:337-338.

51. Tajima F: Determination of window size for analyzing DNA
sequences.  J Mol Evol 1991, 33:470-473.

52. Fares MA, Elena SF, Ortiz J, Moya A, Barrio E: A Sliding Window-
Based Method to Detect Selective Constraints in Protein-
Coding Genes and Its Application to RNA Viruses.  J Mol Evol
2002, 55:509-521.
Page 10 of 10
(page number not for citation purposes)

http://www.dpgp.org/sim_yak/
http://www.dpgp.org/about_dpgp/
http://www.niehs.nih.gov/crg/cprc.htm
http://www.niehs.nih.gov/crg/cprc.htm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14668244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14668244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14668244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15814564
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15814564
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15814564
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8808578
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8808578
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8808578
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10058160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10058160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12499286
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12499286
http://www.cmap.polytechnique.fr/~bacry/LastWave/
http://www.cmap.polytechnique.fr/~bacry/LastWave/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11988763
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11988763
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9917213
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9917213
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9215920
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2513255
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2513255
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8454210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9335623
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9335623
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10880498
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10880498
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11721056
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11721056
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11721056
http://www.sanger.ac.uk/Software/formats/GFF/
http://genome.lbl.gov/vista/index.shtml
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11120683
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11120683
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12045153
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12368253
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12368253
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12368253
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12799351
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12799351
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2612899
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2612899
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11861577
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11861577
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11847089
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11847089
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1960744
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1960744
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12399925
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12399925
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12399925
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Results
	Conclusion

	Background
	Implementation
	Results
	New features
	Overview
	Molecular population genetics analysis
	Missing data

	Analysis of different functional regions
	Wavelet transform and multiresolution analysis
	Output visualization
	Data analysis
	Computer-simulated data set
	DNA polymorphism data from the Mouse Genome Resequencing Project
	Patil et al. 


	Discussion
	Conclusion
	Availability and requirements
	Authors' contributions
	Acknowledgements
	References

