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1 Features

BaCoCa (Base Composition Calculator) is designed to perform multiple statistical analyses on multiple
nucleotide and amino-acid sequence alignments. The results of the BaCoCa analyses can be used for
a detailed and statistical comprehensive data evaluation. Furthermore, the results can help to identify
phylogenetic sequence biases which can lead to incorrect tree reconstructions. The program can handle
hundreds of user specified gene and taxon partitions of a single sequence input file in one process
run. BaCoCa is a command-line driven program written in PERL and works on WindowsPCs, Macs and
Linux operating systems. Therefore, it can be easily integrated into automatic pipeline processes of
phylogenomic studies. Results issued by BaCoCa can be optionally extended through further analyses
using statistical R packages. For example, heat map analyses of taxon versus gene matrices can be used
to find clusters of genes and/or taxa with similar properties (Figure 3). Furthermore, all calculations of
the BaCoCa software program are very fast and can be easily executed on a normal desktop computer,
even if data sets consist of phylogenomic data. Table 1 gives an overview all BaCoCa implemented
calculations. A more detailed discription of all BaCoCa analyses is given in section 3.

Table 1: Overview of BaCoCa implemented calculations.

Calculations Amino-Acid Data Nucleotide Data

Base Frequencies yes yes
Chi-square Test of Homogeneity yes yes
Saturation (C-value) no yes
Invariant Positions yes yes
Missing Data Overlap yes yes
Number Informative Taxa yes yes
Compositional Heterogeneity (RCFV-value) yes yes
Skew-values no yes
Compositional Bias yes yes

Figure 1: Example heat map of a BaCoCa compositional heterogeneity result file (generated optionally
with R) of 559 genes and 65 taxa

2 Usage/Options

For using BaCoCa open the terminal of your operating system. Move through your directory path to
the folder where BaCoCa is placed. To execute BaCoCa a PERL interpreter must be installed on the
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current run system. Linux and Mac systems do normally not need a subsequent installation because
the PERL interpreter is a standard tool of these systems in advance, but have to install the additional
PERL Statistics::R package to use the ”-r” option of BaCoCa.vX.X.r.pl which allows the generation
of result heat maps by using R. For the usage of BaCoCa.vX.X.pl which has not included the ”-r” option,
additional PERL or R packages have not to be installed.

The Statistics::R package can be easily installed on Linux systems like Ubuntu v12.04 or higher and
Mac systems by typing:

• user@linux:˜$ sudo apt-get install libstatistics-R-perl <enter>

To install the full PERL CPAN packages type:

• user@mac:˜$ sudo cpan App::cpanminus <enter>

To install the R-basic packages and the R-gplots library on Linux or Mac operating systems type:

• user@linux:˜$ sudo apt-get install r-base <enter>

• user@linux:˜$ sudo apt-get install r-cran-gplots <enter>

To install the full R-package list type:

• user@mac:˜$ sudo cpanm Statistics::R <enter>

Unfortunately, Windows users have to install a PERL interpreter ex post. We would recommend the
ActivePerl interpreter which can be downloaded for free under:

• http://activeperl.softonic.de/

The additional PERL package Statistics::R can be installed via the ActivePerl package manager. R
can be installed from:

• http://cran.r-project.org/bin/windows/base/

2.1 Start BaCoCa via single command line

BaCoCa can be directly started by the command line in one row which simplifies the implementation of
BaCoCa into complex process pipelines. Move through your directory path to the folder where BaCoCa
is located and type the name of the BaCoCa version, followed by a blank and the demand options with
a minus (-) sign in front of each. Note that Windows users don’t have to put ”perl” in front of program
name. Then press <enter>. Make sure you write the input options correctly, for example ”-i” and not ”-
i”. Otherwise BaCoCa will not start working but instead open the Synopsis menu.

• user@linux:˜$ perl BaCoCa v1.0.pl -help <enter> ↪→ help menu

• user@linux:˜$ perl BaCoCa v1.0.pl -i path/infile <enter> ↪→ start BaCoCa under default

Table 2: Overview of option codes via single command line start

Info options Command Example

Help menu -help perl BaCoCa v1.103.pl -help
Preface -v perl BaCoCa v1.103.pl -v

Parameter options Default

Sequence input file -i none -i Dataset Nuc.phy
Subclade definition file -c none -c Clades Nuc.txt
Gene partition file -p none -p Partitions Nuc.txt
Generate Heat Maps using R -r none -r

http://activeperl.softonic.de/
http://cran.r-project.org/bin/windows/base/


2.2 Input File Options 5

2.2 Input File Options

BaCoCa knows several input file options. It ignores commands if an unknown option is encountered.
BaCoCa checks each input file according to correct format and forbidden sequence and structure char-
acters. This subsection gives a short explanation for possible input file options and accepted file format.
Notice that wrong file format allocates BaCoCa to stop all running processes and to abort with a partic-
ular error prompt.

2.2.1 Sequence Input File (-i) Option

To define the sequence input file type ”-i infile”. The name of the sequence input file has to be given
with file format suffix (e.g. .fas). BaCoCa can handle two different types of sequence input file formats,
namely FASTA (.fas) and relaxed PHYLIP (.phy). All sequences of the sequence input file must have
equal sequence lengths. Sequence names are allowed to consist of alphanumeric signs, underscores
( ) and in case of FASTA files also blanks, other signs are not allowed. Sequences are allowed to consist
of signs covered by the universal DNA/RNA or amino-acid code, ambiguity characters, ”?”, ”X”, and ”-”.

FASTA (.fas) format BaCoCa is able to read sequences of FASTA files either if they are in one line or
with line interruptions (blocks). Sequence names have to be in one line and have to start with an ”>”!
Each line has to end with a line break. Table 3 gives an example of both acceptable FASTA formats.

Table 3: Known FASTA formats in non-interleaved (format 1) and interleaved format (format 2).

FASTA format 1

>Name sequence 1
AGCTCCCGTCCTTTG–AGA–GTGTCCTTTCCTAGCTCCCGTCCTTTG–AGA–GTGTCCTTTCCT
>Name sequence 2
AGCTCCGGCCCTTTG–AGA–GTGTCCTTTCCTAGCTCCCGTCCTTTG–AGA–GTGTCCTTTCCT
...
>Name sequence n
AGCTCCCGTCCTTTGGAGAGGTGTCCTTTCCTAGCTCCCGTCCTTTG–AGA–GTGTCCTTTCCT

FASTA format 2

>Name sequence 1
AGCTGTCCTTTCTTG–AGA–GTGTCCTTTCCTAGCTCCCGTCCTTTG–AGA–GTGTCCTTTCCT
AGCTGTCCTTTCTTG–AGA–GTGTCCTTTCCTAGCTCCCGTCCTTTG–AGA–GTGTCCTTTCCT
...
>Name sequence n
AGCTGTCCTTTCTTG–AGA–GTGTCCTTTCCTAGCTCCCGTCCTTTG–AGA–GTGTCCTTTCCT
AGCTGTCCTTTCTTG–AGA–GTGTCCTTTCCTAGCTCCCGTCCTTTG–AGA–GTGTCCTTTCCT

Extant approaches which can automatedly produce aligned sequences in FASTA format are e.g. MAFFT
(Katoh et al., 2005; Katoh and Toh, 2008, 2010; Katoh and Standley, 2013), MUSCLE (Edgar, 2004),
or T-COFFEE (Notredame et al., 2000; Notredame, 2002). To convert aligned sequence files in FASTA
format software tools like T-COFFEE (Notredame et al., 2000; Notredame, 2002) or FASconCAT (Kück and
Meusemann, 2010) can be used. FASconCAT (Kück and Meusemann, 2010) can be further used for
gene concatenation. Please, read the respective manuals and/or publications for further details.

Relaxed PHYLIP (.phy) format Each line has to end with a line break. Table 4 shows a typical PHYLIP
file in interleaved format, but non-interleaved format is allowed as well. Sequence names are allowed to
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contain more than ten signs at maximum and have to be separated from the following sequence by a
white space.

Table 4: Example of a relaxed interleaved PHYLIP formatted input file.

PHYLIP format (interleaved)

6 40
Name sequence 1 AGGGCCCTTG CGCTTGGCCC CGCTTGGCCC AGGGCCCTTG
Name sequence 2 AGGGCCCTTG CGCCTCCCCC CGCTTGGCCC AGGGCCCTTG
Name sequence n AGGCCCCTTG CGCCGCCCGG CGCTTGGCCC AGGGCCCTTG
<line break>

ATTTCCCTTG GGCTTCCCCC CGCTTGGCCC AGGGCCCTTG
ATTTCCCTTG GGGGGCCTCC CGCTTGGCCC AGGGCCCTTG
ATCTCCCTTG GGCCGGGGGC CGCTTGGCCC AGGGCCCTTG

Extant approaches which can automatedly produce aligned sequences in PHYLIP format are e.g. the
PHYLIP package (Felsenstein, 1993) T-COFFEE (Notredame et al., 2000; Notredame, 2002). To con-
vert aligned sequence files in FASTA format software tools like T-COFFEE (Notredame et al., 2000;
Notredame, 2002) or FASconCAT (Kück and Meusemann, 2010) can be used. FASconCAT (Kück and
Meusemann, 2010) can be further used for gene concatenation. Please, read the respective manuals
and/or publications for further details.

2.2.2 Subclade Definition File (-c Option)

Besides the execution of BaCoCa over all taxon sequences (default), the script can simultaneously
analyse different alignment parameters of one or multiple user pre-defined taxon subclades. Taxon sub-
clades have to be defined via a subclade definition file given by the ”-c” option. The subclade definition
file has to be in plane .txt format. Taxon subclades are defined in separate lines. Each subclade has
to start with a user specified clade name (alphanumeric signs and underscore are allowed!), followed
by a comma, followed by comma separated subclade taxon names. Be aware that all taxon names of
defined subclades are identical to the corresponding sequence names of the sequence input file (case
sensitive!). Blanks between comma seperated taxon names are not allowed! A taxon name can be de-
fined in multiple taxon subclades, but should appear only once per subclade. Table 5 shows the correct
format of a typical subclade definition file.

Table 5: Example of a typical subclade definition file.

Subclade Definition File.txt

Name Subclade 1,Taxon 1,Taxon 2,Taxon 3,Taxon 4
Name Subclade 2,Taxon 1,Taxon 3,Taxon 5,Taxon 6,Taxon 9
Name Subclade 3,Taxon 1,Taxon 7,Taxon 8,Taxon 9
...
Name Subclade n,Taxon X,Taxon Y,Taxon Z

2.2.3 Gene Partition File (-p Option)

Under default, BaCoCa analyses complete sequence data. To investigate single genes or specific parti-
tion ranges of complete sequence data in addition to complete sequences, single gene ranges have to
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be defined via the ”-p” option followed by the name of the gene partition file in plain .txt format. Multiple
gene ranges can be defined in separeted lines. Overlapping ranges between single defined partitions
are possible. Each line has to start with a user specified partition name (alphanumeric signs and un-
derscore are allowed!), followed by a equal sign, followed by the startposition of the partition, followed
by a minus sign, followed by the endposition of the partition. Blanks are allowed ! Be aware, that the
startposition of a gene partition is lower as its endposition. Otherwise BaCoCa will abort with an error
prompt. Partitioning based on codon positions is not implemented at the moment. Table 6 and ?? show
correct formats of a typical gene partition file.

Table 6: Example formats of possible gene partition files.

Typical Gene Partition File.txt

Name Partition 1 = 1 - 100
Name Partition 2 = 101 - 949
Name Partition 3 = 930 - 1000
...
Name Partition n = Startposition X - Endposition Y

RAxML adapted Gene Partition File.txt

AnyAlphanumericName, Name Partition 1 = 1 - 100
AnyAlphanumericName, Name Partition 2 = 101 - 949
AnyAlphanumericName, Name Partition 3 = 930 - 1000
...
AnyAlphanumericName, Name Partition n = Startposition X - Endposition Y

2.2.4 Generating R Heat Maps (-r Option)

Many of the BaCoCa infiles can also optionally printed out as Heat Maps with the ”-r” command by using
R packages. For this option the R-basic package as well as the have additional R-gplots library have to
be installed. To install the basic R packages and the R-gplots library on Linux or Mac operating systems
from the internet, we recommend to use the following terminal command lines:

• user@linux:˜$ sudo apt-get install r-base <enter>

• user@linux:˜$ sudo apt-get install r-cran-gplots <enter>

. . . or the installation of the full CPAN packages for Perl by typing. . .

• user@mac:˜$ sudo cpan App::cpanminus <enter>

If the installation of the required packages has been performed successfully, BaCoCa will generate result
heat maps of all subresults within the following folders:

• BaCoCa Results/compositional bias/

• BaCoCa Results/skew values/

• BaCoCa Results/taxon basefrequencies all partions/

• BaCoCa Results/missing data overlap/
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Figure 2: Example taxon to taxon specific heat map of a BaCoCa
missing data negative overlap frequency result file of 231 genes
and 39 taxa

Short Explanation Of Taxon To
Taxon Specific Heat Maps The
different colors in a heat map re-
flect a different value. In our ex-
ample the colors range from orange
via yellow, green and blue to red
and correspond to values from 0 to
1 (herein reflecting the proportion of
shared missing data between two
taxa). White indicates that the cell
of the heat map is undefined (i.e., no
value is present for this pair of taxa).
Both the y- and the x-axis show taxa
in this example. Due the hierarchi-
cal clustering taxa with similar values
in a column (or row for that matter)
are grouped together more closely.
For example, the three taxa, for
which complete genomes are avail-
able (Capitella teleta, Helobdella ro-
busta and Lottia gigantea), group to-
gether as each of them show very
low proportions of shared missing
data with the other taxa due to the

fact that all genes of the analysis are present in these three. The results of the hierarchical clustering is
also shown by the trees displayed on the y- and x-axis. Finally, a density plot is provided in the upper
left corner showing the distribution of the values from 0 to 1 in the analysed data set.
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Figure 3: Example taxon to gene specific heat map of a BaCoCa
hydrophilic base frequency result file of 231 genes and 39 taxa

Short Explanation Of Taxon To
Gene Specific Heat Maps As
above the different colors in a heat
map reflect a different value. In our
example the colors range from or-
ange via yellow, green and blue to
red and correspond to values from
below 0.4 to above 0.8 (herein re-
flecting the proportion of hydrophilic
amino-acids of a taxon in a partition).
White indicates that the cell of the
heat map is undefined (i.e., no value
is present for this pair of taxon and
partition as the corresponding taxon
is lacking in the partition). The y-axis
shows the taxa and the x-axis the
partitions in this example. Due the
hierarchical clustering taxa with sim-
ilar values in their rows are grouped
together more closely. For exam-
ple, the three taxa Capitella teleta,

Helobdella robusta and Alvinella pompejana) group together as each of them has similar proportions
of hydrophilic amino-acids across the different partitions. The results of the hierarchical clustering is
also shown by the tree displayed on left-hand side. Similarly, the tree above the heat map shows the
results of the hierarchical clustering of the partitions. In this clustering partition with similar values in
their columns (i.e., across different taxa) are grouped together. Finally, a density plot is provided in the
upper left corner showing the distribution of the proportion of hydrophilic amino-acids in the analysed
data set.
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Note: At least two gene partitions have to be defined to use the ”-r” option. A heat map cannot
be generated if BaCoCa is used for analysing only the complete dataset. As R does not generate
heat maps when all values in the matrix have the same value (e.g., all are 1), BaCoCa does not
generate heat maps in these cases.

2.2.5 Testfiles

The datasets are based on empirical data including the test files for partitions and clades. The amino-
acid dataset is from Struck et al. (2011) and the nucleotide dataset from Dordel et al. (2010).

3 BaCoCa Calculations & Output

BaCoCa performs multiple statistical analyses on multiple nucleotide and amino-acid sequence align-
ments for complete data sets as well as for user specified taxon subclades and gene partitions. A
summarized overview of all calculations is given in table 1. All results are summarized within the newly
generated folder BaCoCa Results and, depending on the calculation values, further divided into specific
result subfolders:

• BaCoCa Results/

– chisquare test homogeneity taxa/
– compositional bias/
– c value calculations/
– invariant alignment positions/
∗ fasta/
∗ svg/
∗ txt/

– missing data overlap/
– skew values/
– taxon basefrequencies all partions/
– taxon basefrequencies single partions/

All result files are printed into specific subfolders, except of the summarized result file summarized taxon base frequencies.txt
which includes summarized results for most of the calculations of complete sequence data, pre-defined
taxon subclades, and gene partitions (see Figure 4). This file is printed directly into the main result
folder BaCoCa Results/. Moreover, a plain-text documentation (explanation guide.txt) of the output files
and structure are provided along-side the result files. The following subsections give a more detailed
overview of single BaCoCa calculations and print outs.

Note: Microsoft Excel versions older than Microsoft Excel 2007 cannot handle output files with
more than 256 columns while newer versions have no such problems (Microsoft Excel 2007 and
higher can handle 16.384 columns ↪→ A to XFD). Open Office does not have this problem.

3.1 Base Frequencies

Calculation of base frequencies for nucleotide and amino-acid character states, ambiguity character
states, indel events (-), missing data (?), summarised frequencies of uninformative character states
(ambiguities, indel events, and missing data), summarised frequencies of informative character states
(including taxa whose sequence consist of at least one informative character state), and invariant se-
quence positions. Furthermore, summarised frequencies are printed for AT, purine (A/G), and pyrimidine
(C/T) content (nucleotide data) as well as for positively (R/K), negatively (D/E) and neutral electrically
charged side chains (charge), polar and non-polar (A/G/W/M/V/I/L/F/P) charged side chains, and hy-
drophobic (A/W/M/I/L/F/P) and hydrophilic charged side chains (amino-acid data). BaCoCa results of
base frequencies are printed to:
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• Summary file (summarized taxon base frequencies.txt) over all taxa of complete sequence data,
pre-defined taxon subclades, and gene partitions (see Figure 4)

• Summary files (taxon base frequencies single partitions/∗ summarized taxon base frequencies.txt)
for single taxa of complete sequence data (see Figure 5)

• Summary files (taxon base frequencies all partitions/∗ frequencies all partitions.txt) for individual
frequencies like purine, pyrimidine, AT-content (nucleotide data) or amino-acid states for each
taxon vs. complete sequence data and single gene partitions ↪→ useful for taxa-gene heat maps
and hierarchical clustering (see Figure 6). If the -r option is used, heat maps will be generated
(see 2.2.4 Generation R Heat Maps (-r Option) for examples).

Figure 4: Example cut out of BaCoCa summarized frequency output file for single frequencies, sepa-
rately summarized over all taxa for complete sequence data, pre-defined taxon subclades, and gene
partitions

Figure 5: Example cut out of BaCoCa frequency output file for single taxa of complete sequence data

Figure 6: Example cut out of BaCoCa frequency output file for purine frequencies for each taxon vs.
complete sequence data and single gene partitions

3.2 Saturation (C Value)

C-value calculation of Struck et al. (2008) (only for nucleotide data). The saturation value gauges the
convergence behavior of the plot of ti/tv ratios against the uncorrected p distance. In case of saturation
the curve of ti/tv converges upon on value with increasing p. Hence, the standard deviations of the
p distances over all pairwise taxa comparisons will increase, while the standard deviation of ti/tv will
decrease. The formula to calculate the C-value is:

C =
σ( Ti

Tv )

σ(p)
(1)

BaCoCa results of saturation calculations are printed to:

• Summary file (summarized taxon base frequencies.txt) ↪→ Average and standard deviation of ti/tv
ratio and p distance as well as C-value over all taxa of complete sequence data, pre-defined taxon
subclades, and gene partitions (see Figure 7)
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• Summary files (c value calculations/results pairwise comparisons∗.txt) of pairwise comparisons
of ti/tv and p distances between all taxa and taxon subclades vs each defined partition and the
concatenated dataset ↪→ useful for taxa-gene heat maps and hierarchical clustering (see Figure 8)

Figure 7: Example cut out of BaCoCa summarized frequency output file for single C-values, separately
summarized over all taxa for complete sequence data, pre-defined taxon subclades, and gene partitions

Figure 8: Example cut out of BaCoCa taxon specific C-value p distances calculations for each taxon vs.
complete sequence data and single gene partitions

3.3 Chi-square Test of Homogeneity

Chi-Square test of homogeneity of base frequencies across taxa is performed. BaCoCa results of base
homogeneity tests are printed to:

• Summary file (summarized taxon base frequencies.txt) ↪→ Output of chi-square value, degrees of
freedom, and p-value over all taxa of complete sequence data, pre-defined taxon subclades, and
gene partitions (see Figure 9

• Summary files (chisquare test homogeneity taxa/∗.txt) ↪→ Detailed overview of chi-square calcu-
lations for complete sequence data, pre-defined taxon subclades, and gene partitions (see Figure
10)

Figure 9: Example cut out of BaCoCa output summary frequency file for chi-square calculations (Chi-
square value, Degrees of freedom, p-value) of complete sequence data, pre-defined taxon subclades,
and gene partitions

Figure 10: Example of detailed BaCoCa output summary file for chi-square calculations of complete
sequence data
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3.4 Missing Data Overlap

Recent publications (Lemmon et al., 2009; Simmons and Freudenstein, 2011; Simmons, 2012a,b) showed
that non-random distrubition of missing data might substantially influence Maximum Likelihood analyses.
Therefore, BaCoCa calculates for each pairwise taxon comparison the percentage of sequence positions
in which both taxa have either an indel event (-), an ambiguity character state, or a missing character
state (?) at the same position (negative overlap) as well as the percentage of shared data in which both
taxa do NOT have an indel event (-), an ambiguity character state, or a missing character state (?) at
the same position (positive overlap). BaCoCa results of base homogeneity tests are printed to:

• Summary files (missing data overlap/∗.txt) ↪→ representing positive and negative missing data
overlaps between taxa of complete sequence data, pre-defined taxon subclades, and gene parti-
tions as taxon vs. taxon matrix (see Figure 11). If the -r option is used, heat maps will be generated
(see 2.2.4 Generation R Heat Maps (-r Option) for examples).

Figure 11: Example of BaCoCa output file of negative missing data overlap between complete sequence
data

3.5 Invariant Positions

Determination of invariant and variable sequence positions classified into invariant nucleotide or amino-
acid character states (state), into purine and pyrimidine invariant positions (class) under nucleotide data,
as well as into positively, negatively and neutral electrically charged side chains (charge), polar and non-
polar charged side chains (polarity), and hydrophobic and hydrophilic charged side chains (structure)
under amino-acid data. BaCoCa results of invariant positions are printed as graphic, text and fasta files
for each classification to:

• Summary files (invariant alignment positions/fas/∗ invariant msa positions.fas) ↪→ Invariable posi-
tions of each classification for complete sequence data, pre-defined taxon subclades, and gene
partitions as fasta file in which a ”T” encodes for invariant sequence positions and an ”A” encodes
for variabel sequence positions. This allows another way for graphical display of invariabel and
variable site positions which can be easily opened even for very large datasets (see Figure 12)

• Summary files (invariant alignment positions/svg/∗ invariant msa positions.svg) ↪→ Invariable po-
sitions of each classification for complete sequence data, pre-defined taxon subclades, and gene
partitions as svg file in which different colors encode for invariant and variabel sequence positions
(see Figure 13)

• Summary files (invariant alignment positions/txt/∗ invariant msa positions.txt) ↪→ Invariable posi-
tions of each classification for complete sequence data, pre-defined taxon subclades, and gene
partitions as text file in which a ”1” encodes for invariant sequence positions and an ”0” encodes
for variabel sequence positions (see Figure 14)

Figure 12: Example cut out of BaCoCa FASTA output of invariabel purine or pyrimidine states (class
invariabel ↪→ T; class variable ↪→ A) for complete and partitioned nc data
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Figure 13: Example of BaCoCa SVG output of invariabel purine or pyrimidine states (class ↪→ colored)
for complete and partitioned nc data

Figure 14: Example of BaCoCa FASTA output of invariabel purine or pyrimidine states (class) for com-
plete and partitioned nc data

3.6 Compositional Heterogeneity and Bias (RCFV Value)

RCFV values to assess compositional heterogeneity (Zhong et al., 2011). RCFV is calculated using the
following formula:

n∑
i=1

TorU/W∑
j=A

|µij − µj |
n

(2)

i = taxon; j = nucleotide or amino-acid; µ = frequency

Thus, RCFV measures the absolute deviation from the mean for each amino-acid or nucleotide and
taxon and sums these up over all taxa and amino-acids/nucleotides. The higher the RCFV value is,
the higher is the degree of compositional heterogeneity in that partition. Summing up only over all
amino-acids/nucleotides for each taxon results in the taxon-specific RCFV value. On the other hand,
summing up only over all taxa for each amino-acid/nucleotide results in the character state-specific
RCFV (csRCFV) value. Besides individual character states this is also done for classes of character
states such as purines or polar amino-acids as well as for ambiguity characters. In specific, BaCoCa in
the moment calculates the following character state-specific RCFV (csRCFV) values for ambiguity, indel
event (-), AT, purine and pyrimidine states (nucleotide data) as well as hydrophobic and hydrophilic,
polar and non-polar, positive, neutral and negative, ambiguity (X), and indel event (-) for amino-acid
data. BaCoCa results of calculated RCFV values are printed to:

• Summary file (summarized taxon base frequencies.txt) for all taxa of complete sequence data,
pre-defined taxon subclades, and gene partitions (see Figure 15 & 16)

• Summary files (taxon base frequencies single partitions/∗ summarized taxon base frequencies.txt)
for single taxa of complete sequence data (see Figure 17 & 18)

• Summary files (taxon base frequencies all partitions/RCFV frequencies all partitions.txt) of taxon
specific RCFV values for each taxon vs. complete sequence data and single gene partitions ↪→
useful for taxa-gene heat maps and hierarchical clustering (see Figure 19). If the -r option is used,
heat maps will be generated (see 2.2.4 Generation R Heat Maps (-r Option) for examples).

• Summary files (compositional bias/∗ absolute deviation frequencies all partitions.txt) for individ-
ual frequencies by taxon vs each defined partition and the concatenated dataset ↪→ useful for
taxa-gene heat maps and hierarchical clustering (see Figure 20). If the -r option is used, heat
maps will be generated (see 2.2.4 Generation R Heat Maps (-r Option) for examples).
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Figure 15: Example cut out of BaCoCa summarized frequency output file showing single RCFV-values,
separately summarized over all taxa for complete sequence data, pre-defined taxon subclades, and
gene partitions

Figure 16: Example cut out of BaCoCa summarized frequency output file showing single absolute de-
viation values, separately summarized over all taxa for complete sequence data, pre-defined taxon
subclades, and gene partitions

Figure 17: Example cut out of BaCoCa frequency output file for RCFV-values of single taxa of complete
sequence data

Figure 18: Example cut out of BaCoCa frequency output file for absolute deviation values of single taxa
of complete sequence data

Figure 19: Example cut out of BaCoCa taxon specific RCFV values for each taxon vs. complete se-
quence data and single gene partitions

Figure 20: Example cut out of BaCoCa taxon specific absolute deviation values for each taxon vs.
complete sequence data and single gene partitions



3.7 Skew Values 15

3.7 Skew Values

Calculation of skew values for A/G, C/T. A/T, G/C between nucleotide sequences. The skew values as-
sess either strand-specific biases (i.e. A/T and G/C; Perna and Kocher (1995)) or biases within purines
and pyrimidines (i.e. A/G and C/T; Zhong et al. (2011)). The formula to calculate the skew values is the
same for all four and here the one for the A/T skew is provided as an example:

A/TSkew =
µA − µT

µA + µT
(3)

BaCoCa results of calculated skew values are printed to:

• Summary file (summarized taxon base frequencies.txt) for all taxa of complete sequence data,
pre-defined taxon subclades, and gene partitions (see Figure 21)

• Summary file (skew values/∗ skew values all partitions.txt) for each taxon of complete sequence
data, pre-defined taxon subclades, and gene partitions (see Figure 22). If the -r option is used,
heat maps will be generated (see 2.2.4 Generation R Heat Maps (-r Option) for examples).

Figure 21: Example cut out of BaCoCa summarized frequency output file showing single skew values,
separately summarized over all taxa for complete sequence data, pre-defined taxon subclades, and
gene partitions

Figure 22: Example cut out of BaCoCa calculated A/G skew values of single taxa for complete sequence
data and gene partitions

3.8 Number Informative Taxa

Absolute Numbers of informative taxa (taxa with at least one informative character state for analysed
sequence data or gene partition). BaCoCa results of inferred informative taxa are printed to:

• Summary file (summarized taxon base frequencies.txt) summarized for all taxa of complete se-
quence data, pre-defined taxon subclades, and gene partitions (see Figure 23)

Figure 23: Example cut out of BaCoCa summarized frequency output file showing absolute numbers of
informative taxa, summarized for complete sequence data, defined taxon subclades, and gene partitions
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3.9 Abbreviations Used In Output Files

Table 7: List of abbreviations or symbols which are used in the BaCoCa output result files.

Abbreviation Definition

A Adenine (nucleotide, purine), Alanine (amino-acid, hydrophobic, nonpolar, neutral)
AMB Ambiguity characters (e.g. N ↪→ nucleotide data, X ↪→ amino-acid data)
AT Adenine & Thymin/Uracil content (nucleotide data)
C Cytosine (nucleotide, pyrimidine), Cysteine (amino-acid, hydrophilic, polar, neutral)
c-value Saturation value (only nucleotide data, see section 3.2)
charge Invariant amino-acid positions determined by electrical charge
D Aspartic acid (amino-acid, hydrophilic, polar, negative)
E Glutamic acid (amino-acid, hydrophilic, polar, negative)
F Phenylalanine (amino-acid, hydrophobic, nonpolar, neutral)
G Guanine (nucleotide, purine), Glycine (amino-acid, hydrophilic, nonpolar, neutral)
GAP Indel Events (-)
H Histidine (amino-acid, hydrophilic, polar, neutral)
hydrophilic Amino-acids with hydrophilic side chain
hydrophobic Amino-acids with hydrophobic side chain
I Isoleucin (amino-acid, hydrophobic, nonpolar, neutral)
K Lysine (amino-acid, hydrophilic, polar, positive)
L Leucin (amino-acid, hydrophobic, nonpolar, neutral)
M Methionine (amino-acid, hydrophobic, nonpolar, neutral)
MIS Missing data (?)
N Asparagine (amino-acid, hydrophilic, polar, neutral)
negative Amino-acids with electrically negative charged side chains
neutral Amino-acids with electrically neutral charged side chains
nonpolar Amino-acids with nonpolar uncharged side chains
P Proline (amino-acid, hydrophobic, nonpolar, neutral)
p(...) proportion of (...)
p inv(...) Invariabel proportion of (...)
p-value Probability of obtaining a test statistic assuming that the null hypothesis is true
polar Amino-acids with polar uncharged side chains
polarity Invariant amino-acid positions determined by polarity
positive Amino-acids with electrically positive charged side chains
purine Heterocyclic aromatic compound (part of Guanine, Adenine)
pyrimidine Aromatic heterocyclic organic compound (part of Cytosine, Thymine/Uracil)
Q Glutamine (amino-acid, hydrophilic, polar, neutral)
R Arginine (amino-acid, hydrophilic, polar, positive)
RCFV Value to assess compositional heterogeneity (see section 3.6)
S Serine (amino-acid, hydrophilic, polar, neutral)
skew value Assess of either strand-specific biases or biases within purines and pyrimidines
state Invariant positions determined by character state
structure Invariant amino-acid positions determined by hydrophilicity
T Thymine (nucleotide, DNA, pyrimidine), Threonine (amino-acid, hydrophilic, polar, neutral)
U Uracil (nucleotide, RNA, pyrimidine)
V Valine (amino-acid, hydrophilic, nonpolar, neutral)
W Tryptophan (amino-acid, hydrophobic, nonpolar, neutral)
X Ambiguity state (amino-acid data)
Y Tyrosine (amino-acid, hydrophilic, polar, neutral)
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4 License/Help-Desk/Citation

BaCoCa was developed by Patrick Kück and Torsten Struck and has been written in Perl by Patrick Kück
in 20012/13. It is implemented in Perl and a free software. It can be distributed and/or modified under
the terms of the GNU General Public License as published by the Free Software Foundation; either 2 of
the license, or (at your option) any later version.

This program is distributed in the hope that it will be useful, but WITHOUT ANY WARRANTY; without
even the implied warranty of MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See
the GNU General Public License for more details.
You should have received a copy of the GNU General Public License along with this program; if not,
write to the Free Software Foundation, Inc., 675 Mass Ave, Cambridge, MA 02139, USA.

If you have any problems, error-reports or other questions about BaCoCa feel free and write an email
to patrick kueck@web.de which is the official help desk email account for the software. For further free
downloadable programs from our institute visit:
http://software.zfmk.de.

If you use BaCoCa please contact P. Kück or T. Struck until the manuscript adressing BaCoCa is pub-
lished
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Struck, T. H., Paul, C., Hill, N., Hartmann, S., Hösel, C., Kube, M., Lieb, B., Meyer, A., Tiedemann, R., Purschke, G., and Bleidorn, C. (2011).
Phylogenomic analyses unravel annelid evolution. Nature, 471, 95–98.

Zhong, M., Hansen, B., Nesnidal, M. P., Golombek, A., Halanych, K., and Struck, T. H. (2011). Detecting the symplesiomorphy trap: A multigene
phylogenetic analysis for terebelliform annelids. BMC Evol Biol , 11, 369.

http://software.zfmk.de


5. Copyright 18

5 Copyright

c© by Patrick Kück & Torsten Struck, March 2013


	Introduction
	List of figures & tables
	1 Features
	2 Usage/Options
	2.1 Start BaCoCa via single command line
	2.2 Input File Options
	2.2.1 Sequence Input File (-i) Option
	FASTA (.fas) format
	Relaxed PHYLIP (.phy) format

	2.2.2 Subclade Definition File (-c Option)
	2.2.3 Gene Partition File (-p Option)
	2.2.4 Generating R Heat Maps (-r Option)
	Short Explanation Of Taxon To Taxon Specific Heat Maps
	Short Explanation Of Taxon To Gene Specific Heat Maps

	2.2.5 Testfiles


	3 BaCoCa Calculations & Output
	3.1 Base Frequencies
	3.2 Saturation (C Value)
	3.3 Chi-square Test of Homogeneity
	3.4 Missing Data Overlap
	3.5 Invariant Positions
	3.6 Compositional Heterogeneity and Bias (RCFV Value)
	3.7 Skew Values
	3.8 Number Informative Taxa
	3.9 Abbreviations Used In Output Files

	4 License/Help-Desk/Citation
	5 Copyright

