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Abstract FragMatch is a user-friendly Java-supported
program that automates the identification of taxa present in
mixed samples by comparing community DNA fragment
data against a database of reference patterns for known
species. The program has a user-friendly Windows interface
and was primarily designed for the analysis of fragment data
derived from terminal restriction fragment length polymor-
phism analysis of ectomycorrhizal fungal communities, but
may be adapted for other applications such as microsatellite
analyses. The program uses a simple algorithm to check for
the presence of reference fragments within sample files that
can be directly imported, and the results appear in a clear
summary table that also details the parameters that were
used for the analysis. This program is significantly more
flexible than earlier programs designed for matching RFLP
patterns as it allows default or user-defined parameters to be
used in the analysis and has an unlimited database size in
terms of both the number of reference species/individuals
and the number of diagnostic fragments per database entry.
Although the program has been developed with mycorrhizal
fungi in mind, it can be used to analyse any DNA fragment
data regardless of biological origin. FragMatch, along with a
full description and users guide, is freely available to
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Introduction

In recent years, the importance of investigating the below-
ground diversity of ectomycorrhizal (EcM) communities
has been recognised (Horton and Bruns 2001), and many
field-based studies now involve analysis of the ectomycor-
rhizas themselves or their external mycelium rather than
relying on above-ground fruiting structures. The application
of molecular community profiling techniques has been
crucial in advancing our understanding of the diversity and
ecology of EcM mycelial communities in the field (e.g.,
Dickie et al. 2002; Genney et al. 2006). At present, terminal
restriction fragment length polymorphism (T-RFLP) is
emerging as the method of choice for such analyses from
bulk root tip and soil samples (Anderson 2006). However,
the identification of individual species in a mixed EcM
community using this approach relies on the initial develop-
ment of a T-RFLP database containing terminal fragment
sizes generated for reference sporocarps or EcM root tips.
The importance of developing a reference database contain-
ing fungi from the field site where the research takes place
has been recently highlighted (Avis et al. 2006).

Whereas T-RFLP is fast and relatively inexpensive, the
data analysis can be extremely time consuming, particularly
given that sampling designs are getting more ambitious as
large sample numbers are required to ensure that data are
representative and ecologically relevant (Taylor 2002;
Lilleskov et al. 2004). Therefore, to make T-RFLP more
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viable for large field studies, the data analysis process needs
to be automated. The first steps at automating the
identification of EcM species from community T-RFLP
profiles were made by Dickie et al. (2002) with their T-
RFLP analysis matching program (TRAMP) program based
on Visual Basic for Applications (VBA) macros in Excel
(Microsoft, Redmond, WA, USA). Dickie et al. (2003) also
developed another VBA-macro-based Excel spreadsheet
program, the good-enough RFLP matcher (GERM), for
identifying EcM fungi based on RFLP patterns. Although
these programs produce reliable results, they are restricted
by the number of enzymes/primers that can be used in any
analysis and the number of fragment values that can be
entered per enzyme/primer. In addition, only one mixed
community sample can be analysed and compared against
the reference database at any one time. These restrictions
make the programs more difficult to use, particularly when
the reference data contain multiple restriction enzymes per
database entry.

In this short paper, we present a user-friendly indepen-
dent Java-supported program, FragMatch, designed for use
with Windows with a graphical user interface with
Windows “look and feel”, but that is equally operable
on Unix and Macintosh systems. Operation of the
program requires a Java2 version 1.5 runtime environment
(freely available from Sun Microsystems) and a PC with

20 MB available system memory. The program is
routinely used in our group to locate known EcM terminal
restriction fragments (TRFs) in the fungal community T-
RFLP profiles and has also been used to analyse micro-
satellite data that contain several fragment values per
primer (e.g., Saari et al. 2005). The program, along with a
full description and a user guide, is freely available to
download from the Aberdeen Mycorrhiza Group web page
(http://www.aberdeenmycorrhizas.com).

Materials and methods

The program is designed to take sample files in tab-
delimited text (.txt) format (Fig. 1) that can be directly
exported from sequence analysis software (e.g., ABI
GeneMapper software, Applied Biosystems, Warrington,
UK). Care must be taken to ensure that all information
relating to one sample is contained within a single file. For
example, fragment data from different primers/enzymes
must be found within the same input file and data from
different primers/enzymes must be clearly labelled. If
required, sample files can be modified in either Notepad
or Excel before performing the analysis. The sample files
may contain any amount of additional output data columns,
such as peak height or peak area, as the data columns to be
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Fig. 1 Main program window showing four sample input files as tabs
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[[] view Overview. Show Date. Show Tested Values. Show
Result

Date: s/8/2006 o
Sample File: P4-3F.txt

Matching Reference: Species3

Match Type: Full Match

HinfI-blue Value Tested:
267.0

Match Found:
265.48

HInfI-green Value Tested: Match Found:

319.0 319.38

Tagl-blue Value Tested: Match Found:

300.0 300.15
Tagl-green Value Tested: Match Found:
305.0 304.56

Error Bounds Used:
500.0/2.0

| Delete I | Save as...

Fig. 2 Detailed results window showing an example of the output for
a full match to reference database entry Species3 in the sample input
file P4-3F.txt

used in the analysis are defined by the user. In addition, the
number and names of primers/enzymes are user-defined,
and there is no limit to the number of primers/enzymes
within reference units of a database. Each primer/enzyme
may contain either none, one, or several reference values.
Apart from the computer memory capacity, there are no
limits to the number of reference units per database.
Nevertheless, all reference units within a single database
must contain data for the same set of primers/enzymes.

Fig. 3 Overview results win-
dow showing results for sample
files P4-3F.txt and C10-3D.txt.
A full match for sample P4-3F.

txt to Species3 is reported as Result

4_4, demonstrating that all four Speciesl
reference fragments for Species3 C10-3D.txt 1 4

were found within the sample C10-3D.txt ==

file. Because the analysis €10-3D.txt

parameters were set to also show P4-3F . txt

partial matches, 1_4 is shown
for Speciesl, 3, and 4 for sample
file C10-3D.txt, demonstrating
that one out of four possible
fragments was matched from the
sample file to each of these
reference units

The program uses a simple algorithm to match unknown
fragment patterns to a set of reference fragment patterns
resulting from T-RFLP, microsatellite PCR, or a similar
analysis that produces distinctive and reproducible DNA
fragment patterns. The iterative calculations used by the
algorithm are outlined as follows: {min=[(current reference
value)—(reference error bound)], max=[(current reference
value)+(reference error bound)], whereas (sample has values
or match found) {if (min<current sample value<max)
{*match found* break loop}}}. “Reference set”=a database
of known fragments for, e.g., species, individuals, etc.;
“reference unit”=a known individual/species within the
reference set, “reference value”=a DNA fragment value
generated by a particular enzyme/primer within the full
fingerprint for the reference unit, “sample value”=a DNA
fragment value generated by a particular enzyme/primer
within the sample file, “error bound”=user-defined variation
in the sizing of the DNA fragment values (in base pairs). In
summary, the algorithm starts with the first reference value
within the first reference unit in the active reference set and
checks for a match through all sample values within a
sample file, and if a match (within the error bounds) is
detected or if no match is found when all sample values are
checked, the next reference value within the reference unit
is checked. The manufacturers of DNA sequencers usually
list the accuracy of fragment sizing (in base pairs) for any
given fragment size class, and this information, or user-
defined error margins, may be directly used in determining
reference error bounds. The algorithm keeps track of how
many full matches (i.e., detection of all reference values) to
reference units were found, and it also notifies whether
there were any partial matches to reference units (i.e.,
detection of only a subset of the reference values for a
database entry). Once the algorithm has run through all
primers/enzymes within a reference unit and the analysis is
complete, a results window is displayed, detailing all

Species2 Speciess Speciesd
14
1 4
4 4

Previous MNext Im

Save as..,
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reference unit values used in the analysis along with the
corresponding matched sample values (Fig. 2). Apart from
this detailed output window, the results can also be viewed in
an overview table where all the analysed sample files appear
stacked in a column to the left, with all the reference units in
subsequent separate columns to the right (Fig. 3). These
columns contain a summary of how many fragments from
the sample file matched to the reference unit out of all
fragments contained in that reference unit, e.g., “3_4” means
that a match was found within the input sample file for three
out of four possible reference values. Both types of result
displays can be saved as text files and subsequently viewed
or modified in Excel or Notepad. The user can define how
many, if any, partial matches are reported by the program.
An unlimited number of sample files may be analysed
together using the “compare-all” function.

Discussion

Although the idea behind FragMatch is similar to that in
TRAMP (Dickie et al. 2002), FragMatch is designed to be
more user friendly and more flexible so that the analysis
parameters can be adapted for different types of data
according to the users specifications. There are no limits
to the number of enzymes/primers used or the number of
fragment values per enzyme/primer. The ability to include
any number of enzymes per database unit is an important
feature, as it is common practice to perform restriction
digests with up to three or four enzymes per sample for
robust identification of EcM fungi (e.g., Avis et al. 2006;
Burke et al. 2005). This flexibility is even more important
for microsatellite analyses where the diagnostic identifica-
tion of genetic individuals of EcM fungi can require the
analysis of numerous loci (e.g., Kretzer et al. 2003; Wu et
al. 2005). The number of reference units in a database is
also unlimited and a large number of samples may be
analysed in a single run using the “compare all” function,
thus, speeding up the analysis. These features are a clear
improvement on the TRAMP and GERM programs (Dickie
et al. 2002, 2003) and are designed to permit the rapid and
flexible analysis of large data sets.

When using FragMatch for identifying EcM species by
matching community T-RFLP data against a T-RFLP refer-
ence database, the accuracy of the matches are obviously only
as good as the accuracy of the reference data in the database.
Therefore, the quality of the reference data is extremely
important. In addition, the usual precautions that have to be
taken when identifying EcM species based on restriction
fragments, including controlling for intraspecific variation,
should be taken into account when using FragMatch.
FragMatch output files record the accuracy of matches for
all reference values within each reference unit so the user can
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check the data for poor matches and identify samples that may
need to be re-run. This gives more confidence in the data, and
the resultant output files can be easily sorted to prepare
frequency distribution graphs of species abundance in the
sample set, for example.

Techniques that require the investigator to match DNA
fragments produced on a gel or a sequencer against a
reference database are becoming increasingly used in
mycorrhizal community and population ecology research.
FragMatch has been specifically designed as a user-
friendly, flexible program to aid in the analysis of such
data sets and to overcome some of the limitations of
currently available programs.
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