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Abstract: The blueprint of life, DNA, holds vast amounts of information. Scientists studying how life
evolves and how different species are related often need to compare these genetic blueprints. This
involves sifting through long strings of genetic code, finding similarities and differences, and
understanding how these changes have occurred over time. Many powerful computer programs exist
to help with this, but they can sometimes be complex to use, especially when dealing with very large
amounts of data or when needing to perform many analytical steps in a row. This report introduces
EvolCat-Python, a collection of computer tools designed to make some of these common tasks in
genetic analysis easier and more accessible. It builds on ideas from an initial design document for a
software package called "EvolCat," which aimed to provide straightforward, command-line tools for
scientists, particularly biologists, who need to analyze genetic sequences without necessarily being
expert programmers. EvolCat-Python brings this vision to life using the popular and versatile Python
programming language. Hosted publicly on GitHub (https://github.com/bob-friedman/EvolCat-
Python), this toolkit offers a range of functions for handling and analyzing DNA and protein
sequences.
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1. Introduction: Making Sense of Genetic Information

The blueprint of life, DNA, holds vast amounts of information. Scientists studying how life
evolves and how different species are related often need to compare these genetic blueprints. This
involves sifting through long strings of genetic code, finding similarities and differences, and
understanding how these changes have occurred over time. Many powerful computer programs exist
to help with this, such as the phylogeny-focused PAUP* (Swofford 2003) and PAML (Yang 1997), but
they can sometimes be complex to use, especially when dealing with very large amounts of data or
when needing to perform many analytical steps in a row.

This report introduces EvolCat-Python, a collection of computer tools designed to make some of
these common tasks in genetic analysis easier and more accessible. It builds on ideas from an initial
design document for a software package called "EvolCat," which aimed to provide straightforward,
command-line tools for scientists, particularly biologists, who need to analyze genetic sequences
without necessarily being expert programmers. EvolCat-Python brings this vision to life using the
popular and versatile Python programming language. Hosted publicly on GitHub
(https://github.com/bob-friedman/EvolCat-Python), this toolkit offers a range of functions for
handling and analyzing DNA and protein sequences, drawing inspiration from the utility of
command-line suites like Phylip (Felsenstein 1989) and EMBOSS (Rice et al. 2000).

2. What Is EvolCat-Python?

Imagine EvolCat-Python as a digital toolbox for biologists. Instead of physical tools, it contains
a set of specialized computer scripts. Each script is designed to perform a specific job related to
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understanding genetic information. For example, one tool might convert genetic data from one file
format to another, making it easier to use with different analysis programs. Another tool might help
find specific patterns or "words" within a long stretch of DNA, while others can translate the genetic
code of DNA into the protein sequences that build and run our bodies, a foundational step in many
molecular evolutionary studies (Stajich et al. 2002).

The original design for EvolCat emphasized the need for tools that could be run from a
computer's command line — a text-based way of interacting with the computer. This is particularly
useful for scientists because it allows them to automate repetitive tasks by writing simple scripts that
tell the computer to run several tools in sequence, perhaps on hundreds or thousands of files.
EvolCat-Python follows this principle, providing a set of Python scripts that can be easily run and
combined in this way, similar in spirit to how researchers might use components of the BioPerl toolkit
(Stajich et al. 2002). It makes use of well-established Python libraries for biology, like Biopython, to
handle many of the underlying complex tasks.

3. Key Tools in the EvolCat-Python Toolkit

EvolCat-Python is organized into a library of core functions and a set of ready-to-use scripts,
each contributing to a comprehensive analytical environment. A significant aspect of the toolkit
involves managing and reformatting genetic data files. Scientists frequently encounter genetic
information in diverse formats, and EvolCat-Python facilitates interoperability through several
conversion utilities. For instance, gb2fasta.py converts files from the detailed GenBank format, often
sourced from major repositories like NCBI (Wheeler et al. 2002), to the simpler FASTA format, which
is widely used for sequence data. Other converters include fas2csv.py for changing FASTA to a
spreadsheet-friendly CSV format, and fas2phy.py for preparing data for the PHYLIP suite
(Felsenstein 1989). The toolkit also supports reverse conversions, such as phy2fas.py (PHYLIP to
FASTA) and phy2meg.py. To ensure data consistency, clean_fasta_name.py helps standardize the
labels or headers within FASTA files.

Beyond file management, EvolCat-Python provides tools for directly interpreting genetic
information. The gbCDS.py script, for example, can delve into information-rich GenBank files to
extract the DNA sequence of a gene's coding region—the segment that dictates the structure of a
protein—and also provide its translated protein sequence. Similarly, translate_seq.py takes DNA
sequences in FASTA format and translates them into their corresponding protein sequences, offering
flexibility by allowing users to specify different reading frames or genetic codes.

For comparing and analyzing the sequences themselves, the suite offers several powerful scripts.
The dot_plot.py tool generates a visual "dot plot" from two sequences, which is an intuitive way to
identify regions of similarity or repeated patterns between them, a fundamental aspect of biological
sequence comparison (Pearson and Lipman 1988). When searching for specific, short genetic patterns
within a longer DNA sequence, such as signals that might regulate gene activity,
approximate_string_match.py can find occurrences even if the match isn't perfect. Within a single
DNA sequence, find_tandem_repeats.py is designed to locate sections where a short pattern is
repeated consecutively, which can be important for understanding aspects of gene regulation or
genetic instability. Furthermore, the count_kmers.py script is useful for counting the frequency of
short DNA "words" (k-mers) of a defined length, an analysis that has applications in areas like
genome assembly or the identification of unique sequence signatures.

Preparing sequences for detailed evolutionary studies often involves several preprocessing
steps, which EvolCat-Python aims to simplify. Evolutionary comparisons typically require sequences
to be aligned so that corresponding positions can be compared, often using programs like ClustalW
(Thompson et al. 1994). After alignment, the nogaps.py script can be used to remove columns that
contain gaps (representing insertions or deletions in some sequences), as these can sometimes
complicate subsequent evolutionary calculations. If a researcher needs to focus on a specific part of a
longer sequence, extract_region.py allows for the precise cutting out of that segment. For studies
involving sequences from multiple sources or experiments, merge_fastas.py can combine several
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FASTA files into a single file; notably, if the same sequence label appears in different input files, this
tool can concatenate (join end-to-end) their respective sequences. Given the double-stranded nature
of DNA, the rev_comp.py script is also provided to generate the "reverse complement" of DNA
sequences, a frequently required transformation in sequence analysis.

A core strength of EvolCat-Python, reflecting the emphasis of the original EvolCat design, lies
in its tools for calculating evolutionary distances between genetic sequences. The calculate_k2p.py
script computes the Kimura 2-Parameter (K2P) distance, a widely used measure that estimates the
genetic divergence between DNA sequences while accounting for the fact that certain types of
mutations occur more frequently than others (Graur and Li 1997). This script also provides a
statistical measure of error for the distance estimate and calculates the ratio of two key mutation types
(transitions and transversions). For a broader perspective, calculate_dna_distances.py offers a more
comprehensive analysis, calculating several different DNA distance measures—including Jukes-
Cantor and K2P distances —between all pairs of sequences provided in a file. Each of these distance
metrics is based on different underlying assumptions about the process of DNA evolution (Graur
and Li 1997). These distance-based approaches are foundational for many types of phylogenetic
reconstruction, including neighbor-joining methods (Saitou and Nei 1987). The accurate estimation
of synonymous and nonsynonymous substitution rates (Nei and Gojobori 1986), crucial for inferring
natural selection (Hughes et al. 1990), is another area the original design aimed to support, and tools
are planned to contribute to such analyses, potentially by preparing data for or parsing output from
specialized software like PAML (Yang 1997).

Biological investigations often result in tabular data, and EvolCat-Python includes utilities for
handling such datasets. The join_tables.py script can merge two tab-delimited text files (akin to
simple spreadsheets) based on values in a common column, an operation similar to a "join" in
database systems. For rearranging tabular data, transpose_tsv.py can flip a tab-delimited table,
converting its rows into columns and vice-versa, while transpose_text_matrix.py performs a similar
function for matrices composed of single characters. The table_to_binary.py script offers a way to
simplify numerical tables by converting their entries into binary values (0s and 1s) based on whether
the original numbers meet a specified threshold. To help identify recurring entries in datasets,
print_duplicate_column_values.py scans the first two columns of a table and reports any values that
appear more than once. Finally, sort_numbers.py provides a straightforward utility for taking a list
of numbers, each on a new line, and arranging them in numerical order.

Recognizing the central role of the BLAST (Basic Local Alignment Search Tool) program
(Altschul et al. 1997) in bioinformatics, the initial EvolCat design placed importance on tools for its
use. EvolCat-Python addresses this with several scripts. The parse_blast_text.py script takes the
standard text output generated by a BLAST search and reorganizes the information about each
sequence match into a more structured and readable format. For researchers who prefer to work with
data in tables, blast_to_table.py converts the BLAST text output into a tab-delimited format, which is
convenient for importing into spreadsheet programs or for further scripted analysis; this tool also
usefully excludes "self-hits" where a sequence simply matches itself. When dealing with many BLAST
results, find_blast_top_pairs.py helps to sift through a table of BLAST-like matches to identify the
highest-scoring unique pairings between different query and subject sequences, which can be
particularly helpful for identifying distinct sets of related genes or proteins. This functionality is
essential for tasks like identifying homologous sequences for phylogenetic analysis or exploring gene
family evolution across diverse datasets, such as those available through resources like Ensembl
(Hubbard et al. 2007). These tools aim to simplify the often complex task of managing and
interpreting large volumes of BLAST output, a common step in studies of gene duplication (Friedman
et al. 2004) or comparative prokaryotic genomics (Hughes et al. 2005).

Beyond these specific categories, EvolCat-Python also includes other useful utilities. For
instance, iupac_to_regexp.py translates standard genetic ambiguity codes (e.g., 'R' representing
either A or G) into patterns known as regular expressions, which allow for more flexible and powerful
searching of DNA or protein sequences. The overall architecture is supported by libraries, which
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consolidate common functions used across the various scripts. The ability to export data for use with
other sophisticated phylogenetic programs like Tree-Puzzle (Schmidt et al. 2002) or Molphy (Adachi
and Hasegawa 1996) remains an important design consideration for interoperability.

4. How EvolCat-Python Helps Scientists

The main goal of EvolCat-Python is to make common tasks in studying DNA and evolution
more straightforward. By providing these tools as simple command-line scripts, scientists can save
time by automating repetitive steps instead of performing them manually across numerous files. The
command-line approach is also particularly well-suited for processing the large amounts of genetic
data generated by modern sequencing technologies. Crucially, when an analysis is conducted using
a script, that script serves as an exact and executable record of all the steps taken. This greatly
enhances the ability of the scientist to repeat the analysis later, or for other scientists to understand
and replicate the work, which is a cornerstone of good scientific practice (Monniaux 2008).
Furthermore, scientists can easily link different EvolCat-Python scripts together, or combine them
with other existing software, to create custom analysis pipelines precisely tailored to their specific
research questions and datasets.

The development of EvolCat-Python involved converting original Perl code with the assistance
of Al tools, followed by essential human review and refinement to ensure the accuracy and
functionality of the Python versions. This approach facilitates the modernization of useful,
established tools, making them available within the widely adopted and versatile Python
programming environment.

5. Important Note for Users

The EvolCat-Python tools are provided for research and informational purposes. As with any
scientific software, it is important for users to understand the underlying methods of the tools they
employ, to critically evaluate the results obtained, and to ensure that these methods and results are
appropriate for their specific scientific investigation. Comparing outcomes with those from other
established software is often a good practice for validation, but is instead a requirement at this time.
Many of the scripts and their underlying implementation of methods require further testing and
revision.

6. Conclusion and Availability

EvolCat-Python offers a practical and growing set of Python-based tools designed to support
scientists working with genetic sequences and studying the processes of evolution. It aims to fulfill
the vision of the original EvolCat design by providing accessible, command-line driven utilities that
can simplify complex tasks, enable the analysis of large datasets, and contribute to more efficient and
reproducible research. The toolkit is open-source, encouraging community use and feedback.

EvolCat-Python is freely available on GitHub: https://github.com/bob-friedman/EvolCat-
Python Instructions for using individual scripts can be found in the documentation within the
repository.
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