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FASconCAT is a user-friendly software that concatenates rapidly different kinds of sequence data into one
supermatrix file. Output files are either in FASTA, PHYLIP or NEXUS format and are directly loadable in phy-
logenetic programs like PAUP , RAXML or MrBayes. FASconCAT can handle FASTA, PHYLIP and CLUSTAL for-
matted input files in one single run. It provides useful information about each input file and the
concatenated supermatrix. For example, the program provides the range information of each concatenated
gene (partition) and delivers a check list of all concatenated sequences (taxa). Information about the base
composition of single input files and the resulting supermatrix is supplied for nucleotide data. For given
structure strings (e.g. secondary structures) it displays single unpaired (loop) and paired (stem) positions
after the concatenation process. Optionally, FASconCAT generates NEXUS files of concatenated sequences,
either with MrBayes commands directly executable in PAUP and MrBayes, or without any specific com-
mands. If favoured, FASconCAT dispenses output files in PHYLIP format with relaxed (unlimited signs) or
restricted taxon names (up to ten signs) while sequences are printed in non-interleaved format. FASconCAT
isimplemented in Perl and freely available from http://software.zfmk.de. It runs on UNIX and MS Windows

operating systems.

© 2010 Elsevier Inc. All rights reserved.

1. Introduction

Today, data concatenation into supermatrices is a frequently
used task in phylogenetic approaches. Data concatenation has been
employed in rRNA analyses (Letsch et al., 2009; von Reumont et al.,
2009), in analyses using ‘mixed’ nucleotide alignments combining
rRNA sequences like 18S and 28S as well as protein coding genes
(Brady et al., 2006; Moreau et al., 2006; Dinapoli and Klussmann-
Kolb, 2010), in analyses based on nucleotide and amino acid align-
ments or in phylogenomic studies (Dunn et al., 2008; Philippe
et al., 2009; Simon et al., 2009). The handling of different required
file formats is often extensive and time consuming and different
scripts or programs are often necessary. Most common formats are
FASTA (Pearson and Lipman, 1988), NEXUS (Maddison et al.,
1997), CLUSTAL (Higgins and Sharp, 1988) and PHYLIP (Felsenstein,
1989). To consider structure information of unpaired (loop) and
paired (stem) regions using e.g. ribosomal RNA genes, most pro-
grams like RNAsalsa (Stocsits et al., 2009), MrBayes (Ronquist and
Huelsenbeck, 2003), PHASE (Gowri-Shankar and Jow, 2006) and
RAXML (Stamatakis, 2006) accept structure information in ‘dot-
bracket’ format. Recent concatenation tools like CONCATENATOR
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(Pina-Martins and Paulo, 2008 ) can only concatenate and convert se-
quence data from FASTA to NEXUS and vice versa and are unable to
handle additional structure information. Moreover, concatenation is
mostly restricted to a limited number of gene alignments. With FAS-
conCAT, we provide a new software tool for easy and fast data
handling.

2. Methods

FASconCAT is implemented in Perl and runs on Windows PCs,
Mac OS and Linux operating systems. It can be used via command
line or by terminal menu options. The main menu of FASconCAT is
subdivided into two parts, separated by a dashed line (Fig. 1). The
upper component constitutes of a list of all possible options and
their associated commands for adjustment. The lower part shows
the actual parameter settings of FASconCAT. All default parameters
can be optionally changed, and the new setting configuration will
be displayed in the lower part of the menu.

3. Results

The software is designed to concatenate different data formats
of nucleotide and amino acid alignments (sequence or artificially,
e.g. RY coded) as well as ‘dot-bracket’ structure information of
identical taxa into one supermatrix file. It can also be used as a
simple data converter if just one file is provided. FASconCAT can
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A perlscript for sequence concatenation

written by Patrick Kueck (ZFMK Bonn, 2018>

FASconCAT

INPUT ALL/SINGLE
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PHYLIP

BLOCK/MrBAYES
NO-/YES

FASconCAT
FASconCAT

Concatenate ALL files
Concatenate SINGLE files

OUTPUT

Supermatrix + ALL info
Supermatrix

NEXUS-Block
PHYLIP

COMMAND =

{enter>

{enter>
{enter>

{enter>
{enter>

{enter>
{enter>
{enter>

Fig. 1. Main menu of FASconCAT. The menu is subdivided into a command block (upper half) and a setting block (lower half). Users can specify their setting by using single
commands via menu options or by typing multiple commands directly via the start command line of FASconCAT.

handle FASTA, CLUSTAL and PHYLIP input files. No unique input
format is required. Sequences must have equal length within each
file. FASTA is the standard output, additionally NEXUS or PHYLIP
output can be chosen. Thei output files can be directly implemented
into software like PAUP (Swofford, 2003), MrBayes or RAXML.
FASconCAT optionally creates NEXUS files with command blocks
applicable in MrBayes. Among other things this option is very con-
venient for partitioned or mixed DNA/RNA analyses. Furthermore,
it provides information about the supermatrix partitions (single
ranges) which can be used in partitioned analyses.

3.1. Concatenation of data

Sequence data, with or without structure information, are con-
catenated either by taking all appropriate files in the folder where
FASconCAT is located or by user specification. With FASconCAT, it
is also possible to concatenate amino acid and nucleotide align-
ments into one supermatrix. Missing taxon sequences in single
files are considered and replaced either by ‘N’ (nucleotide se-
quences), ‘X’ (amino acid sequences) or by ‘.’ (dots, structure
strings in ‘dot-bracket’ format), dependent on their associated data
level. FASconCAT can read sequences in interleaved and non-inter-
leaved format. The number of files for concatenation is not limited.
The computation time rather depends on the computer hardware
and the random access memory (RAM). For example, the concate-
nation of ten files comprising 108 taxa with a length of 1000 bp
each requires between 0.5 (default option) and 3.4s (‘NEXUS’
option) on a normal desktop computer (see manual for more infor-

mation). Creating NEXUS files is the most time-consuming option.
Every user can individually choose favoured options to optimise
time performance. If no options are specified, FASconCAT runs un-
der default which is the most time saving setting.

FASconCAT delivers useful accompanying information about the
supermatrix and all single input files. As default, information is given
for the partitions of the concatenated data set (fragment range) and
the number of concatenated sequences per taxon. Additional infor-
mation is provided by specifying several options, for example the
number of sequence characters, sequence-type, number of gaps, a
list of unpaired (loop) and paired (stem) positions (see manual for
detailed instructions). A schematic overview is given in Fig. 2.

3.1.1. Default options

With standard options, FASconCAT takes all available input files
(CLUSTAL, FASTA, PHYLIP) within the script placed folder and con-
catenates them into a supermatrix in FASTA format. Provided
structure sequences in ‘dot-bracket’ format (one per file) are con-
catenated as well. Default information are accessorily provided
(see above).

3.1.2. Additional options: -f, -i, -n and -p

With option -f, individual input files can be defined by the user.
Additional information on the supermatrix and the input files, e.g.
base composition of nucleotide sequences or the amount of gaps,
can be activated by option -i. With -n, NEXUS files are generated that
can be directly used in PAUP or MrBayes. With typing -n -n, a
complete setup for MrBayes is created. It can be easily modified as
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A Input B Input
file 1 file 2 file 3 file 1 file 2
>Taxl 3 2490 CLUSTAL X >Taxl
AGGCCCTCCCGT Taxl RWLFS Taxl ATRGGYCGY ARTATAGCCTTGTA
>Tax2 Tax2 RWLVS Tax? ?TRGGYCGR >Tax2
AGGCTTG?N-NT Tax3 RWLVS % AATATT-CHNTGTA
>Tax3 RWFFS Taxl TAY-=--TCY >structure
AGGTTTG?CGTT RWEVS Tax2 TNY-NNGCY (€ ) (.. .))
RWFFS
FASTA PHYLIP CLUSTAL FASTA FASTA

v v v

Output Output
>Taxl >Taxl
AGGCCCTCCCGTRWLFSRWFFSATRGGYCGYTAY---TCY AGGCCCTCCCGTAAAATATAGCCTTGTA
>Ta. >Tax2
AGGC TRWLVSRWFVS?TRGGYCGRTNY-NNGCY AGGC PN-NTAAAATATT-CNNTGTA
>Tax3 >structure
AGGTTTG?CGT TRWLVSRWFFSNNNNNNNNNNNNNNNNNN e | o
SUPERMATRIX SUPERMATRIX

FASTA; optionally PHYLIP / NEXUS
[incl. PAUP/MrBayes commands]

FASTA, optionally PHYLIP / NEXUS
[incl. PAUP/MrBayes commands]

default:
number of taxa
range of single partitions / genes

optionally [-i]:

sequence types

no. of gaps

no. of ambiguities
nucleotide states

total number of characters
amount of missing data
etc.

for structure strings:
no. of unpaired characters
no. of paired characters

Single files INPUT/OUTPUT and supermatrix

Info file 1 + optionally [ -i]

Structure information of the
supermatrix

Structure-string
A Gess)lea) s tlaan o))

Loop positions
456 710 11 13 14 15 16
19 20 21 23 24 25

Stem positions
17 28 18 27 22 26 1 12 2
938

Stem pairings
17:28,18:27,22:26,1:12,
2:9,3:8

Info file 1

Info file 2

Fig. 2. Schematic overview of FASconCAT. (A) Three input files with different format (FASTA; PHYLIP, NEXUS), a nucleotide sequence alignment, an amino acid alignment and
a nucleotide alignment with the third position RY recoded, are concatenated into a supermatrix (FASTA format, default). Additionally, an information file (Info file 1) is
provided containing a list of concatenated sequences (taxa) and range information of single genes in the supermatrix (default). Optionally, additional information can be
obtained by specific commands. (B) Two input files, nucleotide alignments with a structure string are concatenated into a supermatrix. Specifying the -i option, additional
information about the percentage of unpaired (loop) and paired (stem) positions, is provided (Info file 1). A second information file is obtained, containing the concatenated

structure string, loop and stem positions and related stem pairings (Info file 2).

favoured by the user. With option -p, FASconCAT additionally pro-
vides an output in PHYLIP format, either with non-interleaved se-
quences and restricted taxon names up to 10 signs (-p) or relaxed,
with non-interleaved sequences and no restriction for taxon names
(-p -p)-

An example for FASconCAT usage could be: The user has three
sequence alignment files in the same folder where FASconCAT is
located, one in FASTA, the second in PHYLIP and the third in CLUS-
TAL format. The user wants to concatenate all alignments into a
supermatrix in FASTA format and obtain all possible information
via command line in a terminal on a LINUX system. FASconCAT
has to be started as follows:

perl FASconCAT.pl -i -s <enter>.

3.4. Data conversion

Sequence formats can be simply converted by running FAScon-
CAT just with one input file.

4. Conclusions

With FASconCAT, we deliver a new, convenient tool for concat-
enation of sequence files.

FASconCAT is easy to use and not limited in number of input
files or input sequences.

Running on UNIX and Windows operating systems, the soft-
ware reads several input formats, considers structure information,
provides several output formats and optionally complete setup
blocks at once, e.g. for analyses in MrBayes. It facilitates data han-
dling, it is time saving in generating data matrices and in convert-
ing file formats and delivers many useful additional information
about the input sequences. Detailed information and instructions
are provided in the manual of FASconCAT. The manual also in-
cludes some tests about computation time of FASconCAT on a nor-
mal desktop computer. Help is provided for every option.
FASconCAT is simple to use and freely available from http://fascon-
cat.zfmk.de or upon request from the corresponding author.
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