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Abstract

In molecular ecology the analysis of large microsatellite data sets is becoming increasingly
popular. Here we introduce a new software tool, which is specifically designed to facilitate
the analysis of large microsatellite data sets. All common microsatellite summary statistics
and distances can be calculated. Furthermore, the 

 

MICROSATELLITE

 

 

 

ANALYSER

 

 (

 

MSA

 

) software
offers an improved method to deal with inbred samples (such as Drosophila isofemale
lines). Executables are available for Windows and Macintosh computers.
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Within the past decade microsatellites have developed
into one of the most popular genetic markers. Large
genome scans using microsatellites were initially limited to
mapping studies. More recently, with the advent of com-
pletely sequenced genomes and high throughput capillary
sequencers, large scale microsatellite typing is emerging
as an important tool for dissection of evolutionary forces,
such as selection and hybridization in natural populations
(Pritchard 

 

et al

 

. 2000; Kauer 

 

et al

 

. 2002; Payseur 

 

et al

 

. 2002;
Schlötterer 2002). While laboratory methods are fully devel-
oped to keep up with these requirements, the develop-
ment of analytical tools is still lagging behind. Most of the
population genetic software widely used to calculate basic
statistics, such as heterozygosity or 

 

F

 

ST

 

 values was origin-
ally designed for a moderate number of loci only. Hence,
these programs often use their own specific input format,
which sometimes requires major reformatting efforts. Further-
more, the number of loci and individuals is often limited.

We developed the 

 

microsatellite analyser

 

 (

 

msa

 

)
software tool specifically to overcome these limitations.
In particular the 

 

msa

 

 meets the following criteria: (a) sim-
ple input format; (b) capacity to analyse large data sets;
(c) presentation of summary statistics in an open format
permitting further downstream creative data mining;
(d) ways of accounting for special problems encountered
by the use of inbred lines (e.g. 

 

Drosophila melanogaster

 

).

 

Input format. 

 

Microsatellite data are commonly stored in
spreadsheet files, in which one or two columns represent
each locus. Only a small number of modifications are
required to transform such a file into a 

 

msa

 

 input file. The
only additional information required is an assignment
of individuals to populations and the names of the loci.
Optional information includes higher level grouping of
populations, size of the repeat unit and number of bp
flanking the microsatellite (Fig. 1).

 

Standard data analysis. 

 

Observed and expected heterozygos-
ity, variance in polymerase chain reaction (PCR) product
size, variance in repeat number, allele frequency distribu-
tion, number of alleles, and allele size range are the sum-
mary statistics provided by 

 

msa

 

. Furthermore, the expected
number of alleles under the infinite allele model as well
as under the stepwise mutation model are calculated
(Ewens 1972; Kimura & Ohta 1975). Nine different genetic
distance measurements are available either between popu-
lations or individuals. Statistical support is provided by
nonparametric bootstrapping. 

 

F

 

ST

 

, 

 

F

 

IS

 

 and 

 

F

 

IT

 

 measure-
ments are calculated by the Weir and Cockerham method
(Weir & Cockerham 1984). Significances are determined by
permuting genotypes (or alleles) among groups.

 

Special statistics for inbred lines. 

 

Drosophila population genetics
often relies on the use of isofemale lines. To account for the
random loss of alleles due to inbreeding one allele is
discarded (Schlötterer 

 

et al

 

. 1997; Irvin 

 

et al

 

. 1998; Agis &
Schlötterer 2001; Kauer 

 

et al

 

. 2002). Unless sample sizes are
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very large, the random discarding can result in significant
variation in locus specific estimators. To account for this,

 

msa

 

 calculates heterozygosity, variance in repeat number
(PCR product size) and number of alleles by averaging
200 randomly discarded data sets. This method provides
significantly better estimates than a single randomly
discarded data set. 

 

F

 

-statistics can also be performed by the
same procedure, but nondiscarded data sets are not biased
and do not deviate from the mean of 1000 randomly
discarded data sets (data not shown).

 

Data export. 

 

msa

 

 provides input files for 

 

genepop

 

 (Raymond
& Rousset 1995), 

 

msvar

 

 (Beaumont 1999), 

 

structure

 

(Pritchard 

 

et al

 

. 2000), 

 

arlequin

 

 (Schnei der 

 

et al

 

. 1997) and

 

migrate

 

 (Beerli & Felsenstein 2001). Genetic distances
are given as a 

 

phylip

 

 (Felsenstein 1991) compatible dis-
tance matrix(es).

 

Error checking. 

 

msa

 

 was intensively tested by comparison
to the results of other software packages including 

 

microsat

 

(Minch 

 

et al

 

. 1995), 

 

fstat

 

 (Goudet 1995), 

 

genetix

 

 (Belkhir

 

et al

 

. 1996–98) and 

 

arlequin

 

 (Schneider 

 

et al

 

. 1997). No
inconsistency was noted in these comparisons. Only the

 

P

 

-values of pairwise population comparisons differed
between 

 

fstat

 

 (version 2.91) and 

 

msa

 

. Preliminary results
suggest that 

 

fstat

 

 permutes among all available genotypes,
but 

 

msa

 

 and 

 

genetix

 

 only permute between the two groups
for which the pairwise 

 

F

 

-statistics are determined.

 

Availability. 

 

msa

 

 was written in C/C++ and executables for
Windows, MacOS9 and MacOSX can be downloaded from
the authors’ webpage (

 

http://i122server.vu-wien.ac.at/

 

)

 

.
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