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Abstract

We introduce BlasTax, a standalone software tool wrapping 
the BLAST algorithm for finding regions of similarity 
between nucleotide and amino acid sequences. BlasTax is 
designed to serve both general users of local BLAST who 
seek a simple and user-friendly interface, and taxonomists 
engaged in phylogenomics and museomics projects. BlasTax 
is driven by a graphical user interface that makes various 
BLAST functions accessible without separately installing 
the BLAST+ executables. It introduces several advanced 
modes to retrieve matching reads from FASTQ files of 
high-throughput sequencing of archival DNA from recent or 
historical collection material, to append matching sequences 
to existing alignments, or to decontaminate sequence data 
sets from sequences of non-target taxa. The program also 
comprises functions for the preparation of sequence files 
to be used as reference or query for BLAST, as well as 
utilities for sequence merging based on species labels, codon 
trimming and codon-aware multiple sequence alignments.

Key words: BLAST, Museomics, Phylogenomics, DNA 
metabarcoding

Introduction

The rise of genomics has enabled increasingly 
sophisticated applications in systematics, including 
phylogenomics, population genomics and demographic 
modelling. In biological taxonomy, the largest number 
of new species are still being described without, or with 
very limited, genetic information (Miralles et al. 2020), 
but high-throughput approaches are increasingly being 
developed by taxonomists to obtain multi-marker data 
sets for species delimitation using coalescent approaches 
(Fujita et al. 2012; Edwards et al. 2016; Rannala & Yang 
2020; Singhal et al. 2025), machine learning (Karbstein 
et al. 2024; Salles & Domingos 2025) or inference of 
reproductive isolation via hybrid zone analysis (Dufresnes 
et al. 2021), species identification using next-generation 
barcoding (Dietz et al. 2023), and “museomics” 
approaches to sequence archival DNA from historical 
museum collections (Scherz et al. 2020; Lalueza-Fox 
2022; Ferrari et al. 2023), especially name-bearing type 
specimens (Renner et al. 2024; Letsch et al. 2025). 

For the majority of these studies, in one way or 
another, a fast bioinformatic comparison of DNA 
sequences with the purpose of identifying putatively 
homologous sequences is required. In practice, homology 
is often decided based sequence similarity between a 
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query sequence and matching sequences with sequence 
similarity above a certain similarity threshold. Although 
various optimized high-throughput algorithms such as 
BLAT, DIAMOND, or MMseqs2 exist specifically for 
large genome-scale data sets (Kent 2002; Buchfink et 
al. 2015; Steinegger & Söding 2017), the Basic Local 
Alignment Search Tool (BLAST; Altschul et al. 1990) 
is still one of the most accurate and commonly used 
algorithms. BLAST is implemented as the main sequence 
similarity search tool on the websites of the NCBI 
(National Center for Biotechnology Information of the 
USA), where it is used to find and retrieve sequences 
similar to a submitted query sequence. As early as 2003, 
over 100,000 BLAST searchers were already submitted 
by users per day through the NCBI website (Gotea et al. 

2003). The volume of searches per user and time period 
is however limited on the NCBI web server (Sayers 
2022) and thus large-scale searches involving hundreds 
or thousands of query sequences need to use the offline 
BLAST standalone executables BLAST+ (Camacho et 
al. 2009) that are installed locally on computers and high 
performance computing (HPC) clusters. 

Setting up local BLAST searches using the BLAST+ 
tool, which is available as a collection of executables 
from NCBI, is straightforward, but requires the use of the 
Unix language in the command line, selection of the right 
executable for specific tasks, such as protein (blastp) or 
nucleotide (blastn) searches, downloading or setting up of 
reference databases of sequences, and adjusting custom 
parameters and output formats. This often requires parsing 

TABLE 1. Examples of open-source programs implementing the BLAST algorithm.
Program / Wrapper BLAST+ Functions OS Reference
BlastGui GUI-based building of BLAST databases, 

sequence filtering and alignment.
Windows, macOS, 

Linux
Du et al. (2020)

Blast2GO BLAST for functional annotation. GO mapping 
& annotation. Visualization tools.

Windows, macOS, 
Linux (Java-based)

Conesa et al. (2005)

BRIG BLAST Ring Image Generator. Compares 
prokaryote genomes based on BLAST results.

Windows, macOS, 
Linux

Alikhan et al. (2011)

NBLAST GUI-based tool implementing a two-way system 
that allows using of input sequences either as 

“query” or “target”. Includes dot plot analysis.

Windows Mohanty et al. (2022)

omicR BLASTn alignment of sequences against a 
reference. Results added to the original tabular 

format.

Windows Talamantes-Becerra et 
al. (2021)

prfectBLAST GUI-based access to all basic BLAST+ 
functions.

Windows, macOS, 
Linux (Java based)

Santiago-Sotelo & 
Ramirez-Prado (2021)

TBtools Toolkit with many functions for big-data 
molecular analyses, including BLAST and 

interactive data visualization

Windows, macOS, 
Linux (Java based)

Chen et al. (2020)

UGENE Run blastn, blastp, blastx etc. locally. Graphical 
BLAST viewer. Database management. 

Workflow integration.

Windows, macOS, 
Linux

Okonechnikov et al. 
(2012)

Galaxy BLAST+ wrappers for all tools. Multi-sequence 
queries. Pipeline integration. Visualization via 

Galaxy plugins.

Web-based (server-
hosted), installable on 

Linux

Cock et al. (2015)

PLAN (Personal 
BLAST Navigator)

Query and target sequence database 
management. Automated high-throughput 

BLAST searching. Indexing, searching, filtering 
annotating results.

Web-based application He et al. (2007)

BLASTGrabber GUI viewer for local BLAST+ results. Hit 
filtering, sorting, and visualization. Batch parsing  

(does not directly implement the BLAST 
algorithm itself).

Windows, Linux Neumann et al. (2014)

blastjs BLAST+ wrapper for Node.js. BLAST+ 
functionality for tools based on JavaScript and 

Node.js.

Node.js library Page et al. (2016)

W.ND-BLAST Distributes BLAST queries to various nodes/
computers across local area networks (LAN). 

Intuitive GUIs for database creation, execution, 
output evaluation and result exportation.

Windows Dowd et al. (2005)
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of large output files using command line tools or scripts in 
order to extract the homologous sequences matching the 
initial queries.

A substantial number of programs make use of the 
BLAST+ set of executables and provide wrappers and GUI 
access to its functions. Among commercial programs, this 
includes Geneious Prime (Biomatters), CLC Workbench 
(QIAGEN), Lasergene (DNASTAR), Sequenceserver 
(Priyam et al. 2019), and Partek Genomics Suite. Here, 
BLAST+ is used for instance for annotation, batch search, 
sequence filtering, visualization, taxon assignment, or 
primer validation. BLAST+ is also an important part of a 
large number of open-source tools, wrappers and scripts, 
of which Table 1 provides a representative selection. All 
of these open-source tools, however, require separate 
installation of the BLAST+ executables by the user or the 
access to dedicated web platforms. 

BlasTax: a simple, user-friendly interface tailored 
for taxonomists

Here, we present BlasTax, a standalone tool developed 
within the iTaxoTools project (Vences et al. 2021). 
BlasTax wraps several of the BLAST+ executables into 
one GUI-driven application that makes these functions 
accessible without installing the BLAST+ executables 
separately. The program comprises several functions for 
the preparation of sequence files to be used as reference 
or query for BLAST, and importantly, implements 
several advanced modes that use BLAST for selecting, 
decontaminating and appending sequences to existing 
sequence files. In its current version, BlasTax serves (1) 
general users of local BLAST who want to access the 
program’s functions in a simple and user-friendly way, (2) 
taxonomists working on projects that need phylogenomics 

FIGURE 1. Home window of the BlasTax executable, showing the tiles leading to the various modes of the program. 
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TABLE 2. Overview of the modes available in BlasTax (each available from a tile in the home window of the program).
Program mode Main function Options Comments
Make BLAST 
Database

Makes a local BLAST 
database from a FASTA file, 

based on the makeblastdb 
executable.

Protein or nucleotide. Batch 
mode: multiple databases can be 

consecutively created.

GUI-driven use of basic local 
BLAST function.

Regular BLAST Performs regular BLAST 
searches.

Implements the blastn, blastp, 
tblastn, blastx, tblastx executables.

GUI-driven use of basic local 
BLAST function.

BLAST-Append Searches for sequences similar 
to query and appends the 

matches to the query FASTA 
file.

Batch mode for reference and query. 
Single best matches or multiple 

matches can be appended.

Targeted to add homolog 
sequences of closely related 

taxa, from new transcriptome 
assemblies or annotated 
genomes, to pre-existing 

phylogenomic alignments.
BLAST-Append-X Searches for sequences similar 

to query based on protein 
sequences and appends 

the nucleotide sequences 
corresponding to the matches 

to the query FASTA file.

Batch mode for query. Similar 
to BLAST-Append but BLAST 

performed on additional query file 
with translated protein sequences.

Experimental mode. Useful to 
add sequences of less closely 
related taxa where nucleotide 
BLAST may not find reliably 

matching sequences

Decontaminate BLAST of query sequences 
to an ingroup and an outgroup 
database and sorting into two 
new FASTA files depending 

on best match.

Batch mode for query. Comparison 
can be done based on sequence 

similarity (pident), sequence length, 
or bitscore.

Useful to decontaminate 
sequence files that may contain 
contaminants (e.g., from prey, 
symbionts, bacteria, human).

Museoscript Compares a FASTQ or FASTA 
file with reference and writes 
matches into new FASTA file.

Minimum sequence identity 
for matches to be parsed can be 

specified. Either only the aligned 
BLAST match is parsed, or the 
entire sequence containing the 

match.

For analysis of high-throughput 
data from archival DNA 

sequencing, to extract the 
(often few) matches to the 

target sequence for subsequent 
assembly/alignment.

Assign taxonomy Uses a BLAST database 
containing a NCBI taxID and 

the NCBI taxDB database 
to assign taxonomic identity 
to query sequences based on 

BLAST matches.

Can output a FASTA file with 
query sequences annotated based 
on best BLAST matches, as well 

as a table of best matches per 
query sequences, and a summary 
table with counts of matches per 

reference sequence.

Summary table represents a 
simple version of the standard 
output of specialized programs 

for DNA metabarcoding 
analysis.

Database 
operations

Various data extractions and 
conversions related to BLAST 

databases.

Extraction of a FASTA file or a 
taxID mapping file from a BLAST 

database and other conversions.

Useful to prepare input files for 
downstream analyses.

FastMerge Merges several sequence files 
into one file.

Can process FASTA and FASTQ, as 
well as gzip compressed files.

Basic utility for preparation 
of files to be used as query or 
reference in BLAST searches.

FastSplit Splits large sequences or text 
files into smaller files.

Can process FASTA and FASTQ, as 
well as gzip compressed files.

Basic utility for preparation 
of files to be used as query or 
reference in BLAST searches.

GroupMerge Merges FASTQ or FASTA 
files based on a part of their 
filename, and subsequently 

merges all sequences of each 
group into a single FASTA file.

Upon deduplicating sequence 
identifiers, can either keep all of 
them or only the first occurrence.

Sorts the output produced 
by subsequent runs of other 

program modes.

FastPrepare Sanitizes and trims sequence 
identifiers in FASTA files.

Batch mode is available. Search-
replace, trimming, sanitizing 

(removal of special characters) in 
all sequence identifiers of a FASTA 

file.

Important to prepare FASTA files 
for making BLAST databases 

which do only accept sequence 
identifiers up to 50 characters 

and no special characters.
......continued on the next page
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TABLE 2. (Continued)
Program mode Main function Options Comments
Stop codon 
removal

Searches for stop codons 
in FASTA files with coding 

sequences and removes them.

Batch mode is available. Sequences 
are either trimmed after and 

including the stop codon, or the 
entire sequence removed, or the 

entire FASTA file deleted.

Detects and/or removes 
erroneous sequences or stretches 

of sequences before analysis.

Codon trimming Takes a FASTA file with 
coding sequences and trims 
all sequences to start on first 

codon position.

Autodetects reading frame based on 
the lowest number of stop codons. 
Different options of how to deal 

with remaining stop codons, if these 
are found.

Preparation step for codon-aware 
multiple sequence alignment, 
stop codon removal and other 

downstream applications.

Protein translator Translates nucleotide 
sequences into protein (amino 

acid) sequences.

Batch mode is available. Translation 
table and reading frame user 

defined. Auto-detect reading frame 
is available. Transcript mode extract 

longest open reading frame.

Utility for preparation of files to 
be used as query or reference in 

BLAST searches.

Codon-aware 
alignment

Translates coding sequences, 
then aligns the protein 
sequence, and adjusts 

the nucleotide alignment 
accordingly.

Requires all sequences to start with 
the first codon position.

More accurate alignment of 
coding sequences, especially 

when sequences are very 
variable and including indels.

SCaFoS-Py Selects and/or fuses sequences 
belonging to the same species 

in one FASTA file.

Batch mode is available.Detects 
species based on a part of the 

sequence identifier. Either selects 
the longest sequence per species to 
keep, or the sequence with highest 

similarity to other sequences in file, 
or fuses sequences using IUPAC 

ambiguity codes where overlaps do 
not match.

Downstream processing step 
of sequence files obtained with 

BLAST-Append. Most functions 
require sequences to be aligned.

and museomics approaches, and (3) academic staff 
teaching basic bioinformatics courses, where BLAST 
analyses are crucial to understand DNA-based biodiversity 
research (e.g., Kerfeld & Scott 2011; Newell et al. 2013; 
Unger & Rollins 2022). In the latter context, GUI driven 
tools such as BlasTax can help to explain basic analytical 
concepts to unexperienced students in beginner courses, 
before introducing them to more advanced command-line 
tools.

Upon starting the BlasTax executable, users are 
presented with a graphical user interface (GUI) similar 
to that of the tool TaxI2, also developed in the framework 
of iTaxoTools (Vences et al. 2024). Different program 
modes (Table 2) are accessible via a series of tiles on the 
starting (home) window (Fig. 1). By clicking the tiles, 
the respective options for this program mode appear. The 
upper symbols allow the user to Open input files, Run the 
program, and Save the results (where appropriate). The 
Home symbol allows returning to the home window.

Program modes

BlasTax implements various modes related to BLAST+, 
including:

The “Make BLAST database” mode for the creation of 
a new local BLAST reference database (using the wrapped 
makeblastdb executable), and the execution of BLAST 
searches with nucleotide and protein sequences, wrapping 
the blastn, blastp, tblastn, blastx and tblastx executables. 
These basic functions will be useful for any users of local 
BLAST and also allow for some more specific applications 
(e.g., batch mode for BLAST database creation). It is also 
possible to parse taxID information (Federhen 2012) into 
the database from a separately provided mapping file. 

The “Museoscript” mode (Fig. 2) is specifically 
targeted to taxonomists. It is based on the Bash script 
written by L. Rancilhac (https://github.com/rancilhac/
Museoscript) and published in Rancilhac et al. (2020). 
The BlasTax implementation differs in details but serves 
the same purpose, that is, searching large raw sequence 
files from high-throughput shotgun sequencing (typically 
FASTQ files from Illumina sequencing) for reads that 
match sequences in a reference database (see workflow 
in Fig. 3). Museomics, that is the sequencing of archival 
DNA of historical specimens, is a rapidly growing field 
of molecular taxonomy. It allows access to the genetic 
information of extinct species and populations, and of 
old and poorly preserved name-bearing type specimens 
(Lalueza-Fox 2022), which, among other things, can 
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enable the assignment of scientific nomina to extant genetic 
lineages (Kapun et al. 2025). The often-degraded DNA 
from such specimens can be extracted using specialized 
protocols (Straube et al. 2021; Schmid et al. 2025) and 
sequenced by high-throughput sequencing (Paijmans et 
al. 2017), either directly via shotgun libraries, or after 
target-enrichment with taxon-specific baits (Rancilhac et 
al. 2020; Agne et al. 2022). This results in large and noisy 
data sets, where the DNA fragments corresponding to the 
target specimen and target genes are usually rare, with the 
endogenous DNA content sometimes only comprising a 
few dozen among millions of reads. Such sparse data are 
often sufficient for taxonomic studies, especially when 
the goal of the sequencing is not to obtain a sequence 
from a fundamentally unknown organism but to assign 
a type to one of several genetic lineages identified from 
fresh material. This is achieved by matching the obtained 
reads with the sequences of these lineages and identifying 
diagnostic positions. 

For this purpose, the Museoscript algorithm uses 
BLAST to compare all reads from a FASTQ file with a 
database of reference sequences and writes all matches 
into a new FASTA file. The output FASTA file can then 
be aligned or mapped to a reference, and we note that in 
this process it is good practice to repeat that with different 
references of closely-related taxa in order to compare the 
results and avoid potential reference bias. 

The “Decontaminate” mode is a further functionality 

of BlasTax related to taxonomy. It makes use of BLAST 
to remove “outlier” sequences from a FASTA file, in 
particular if these arose by contamination. For this 
purpose, a dual BLAST search is carried out against a 
database with ingroup sequences and a second database 
with outgroup sequences, acting as positive and negative 
controls. For instance, if a FASTA file supposedly 
contains protein-coding sequences of a particular 
amphibian species, then ingroup sequences could be a set 
of coding sequences from high-quality reference genomes 
of amphibians, whereas outgroup sequences could consist 
of genomes of potential contaminants such as bacteria, 
protists, fungi, plants, invertebrates and mammals (e.g., 
human). The sequences from the query FASTA file will 
then be written into two different output FASTA files: one 
for those matching more closely the outgroup sequences 
(likely contaminants) and another one for those matching 
more closely the ingroup (likely genuine sequences of the 
target amphibian species). This mode can also be used, 
for instance, to find sequences of specific parasites or 
prey items in a raw metagenome or metatranscriptome 
output or assemblies, or in DNA metabarcoding data. The 
“Decontaminate” mode of the current version of BlasTax 
does not yet make use of taxID identifiers. Therefore, 
when the objective is to perform decontamination based 
on the NCBI taxonomy hierarchy (i.e., using a single 
annotated reference database but specifying to remove 
all sequences matching particular groups of organisms), 

FIGURE 2. Graphical user interface showing the available options for the Museoscript mode of BlasTax. 
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FastPrepare
(optional)

Make BLAST 
Database

BLAST-Append

Decontaminate
(optional)

Museoscript

CutAdapt 

FASTQ �le 
with DNA sequences

of historical specimen
(shotgun or target 

enrichment)

Remove adapter sequences
Quality trimming of sequences

Reference BLAST 
databases with ingroup 

and outgroup sequences 
for BLAST-comparison

Sanitize names of sequence IDs
Trim sequence IDs to max. 50 characters

BLAST sequences against reference 
and retrieve matches

Remove obvious contaminants 
by BLAST-comparing with reference sequences

Transform reference  sequences  
into BLAST database

A B

Decontaminate
(optional)

FastPrepare
(optional)

FASTA �le with 
RNAseq assembly
or genome CDS

(coding DNA sequences)

Reference BLAST databases 
with ingroup 

and outgroup sequences for 
BLAST-comparison

Transform reference  sequences  into BLAST database

Add matching sequences from reference  database
(sequences from new taxon) to alignment(s)

SCaFoS-Py
(optional)

Merge sequences in alignment(s) based on sequence ID

Make BLAST 
Database

Sanitize names of sequence IDs
Trim sequence IDs to max. 50 characters

Remove obvious contaminants 
by BLAST-comparing with  reference sequences

FASTA �le
(reference DNA sequences)

Reference 
database

Query
sequences

FASTA �le with sequence reads
matching the references,

for assembly and downstream analysis Reference 
database

FASTA �les with one or multiple single-gene 
DNA alignments of protein coding genes

with new taxon added, for downstream analysis
(phylogenomics, species delimitation)

Query
sequences

FASTA �les 
with one or multiple

single-gene DNA alignments
of protein coding genes

Query
sequences

FIGURE 3. Schematical workflow diagram showing the combined use of different program modes of BlasTax for (A) retrieving 
DNA barcode sequences from shotgun (genome skimming) or target capture sequences obtained e.g. from historical types, and 
(B) the addition of new (putatively orthologous) sequences to existing alignments from new transcriptome assemblies or genome 
coding sequence databases. 

especially of large-scale DNA metabarcoding data, we 
recommend the use of more efficient tools such as Kraken 
(Wood & Salzberg 2014). 

The “BLAST-Append” mode is tailored to 
complement phylogenomic alignments of long stretches of 
genes (usually protein-coding) for relatively similar (e.g., 
congeneric) organisms, by adding putative homologous 
sequences for one or several species. An example 
could be a set of FASTA files each containing ortholog 
sequences from several congeneric species, to which 
sequences of another two species of the same genus (from 
a transcriptome assembly or an annotated genome) should 
be added. Strictly speaking, the sequences added will be 
homologs, but because the original alignments already 
consist of genes that were curated from potential paralogs 
or contaminants (and did not contain paralogs in this 
genus), it is not highly likely that paralogs of these genes 
will exist in the genomes of additional species if these 

are very closely related. At least for exploratory analyses, 
we therefore may add the best-matching sequences of the 
new species by simple BLAST searches. BLAST-Append 
performs such searches and adds the best match to any 
of the sequences in the query FASTA file (and if several 
matches are found, the longest of them with the best 
identity percentage) to the original FASTA file(s). The 
new FASTA files can be further processed and aligned, 
and then used for phylogenetic and species delimitation 
analyses. “BLAST-Append” also includes the option to 
add multiple BLAST matches to FASTA files. This might 
allow the identification of queries that only partially cover 
the full alignment length, which might be later merged, 
discard poorly matching ones, or resolve overlapping 
and non-identical stretches, using the BlasTax mode 
“SCaFoS-Py” (conceptually based on SCaFoS by Roure 
et al. (2007)). The possibility of appending multiple 
homologous sequences per input taxon also allows are 
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more careful selection of orthologs among homologs 
upon phylogenetic analysis of locus alignments.

The “Assign taxonomy” mode assigns taxonomic 
information to sequences based on BLAST results, 
making use of NCBI taxonomy and the respective “taxID” 
identifiers (Federhen 2012). It requires a BLAST database 
including taxID information, and optionally can retrieve 
organism names from a separately provided “taxDB” 
database as is available from NCBI. The output, besides 
a table with all BLAST matches and their corresponding 
taxIDs, includes output tables and FASTA files with 
taxonomic information added based on best BLAST 
matches, and a summary table with counts of matches 
per reference sequences. The program also includes an 
experimental “Decontamination by Taxonomy” mode 
which makes direct use of the NCBI taxonomy4blast.
sqlite database and names.dmp files, and filters FASTA 
files by taxIDs or taxon names based on best BLAST 
matches, similar to the approach of Kraken (Wood & 
Salzberg 2014). This program mode requires a version 5 
BLAST database with taxID information, while many of 
the other program modes are optimized for the simpler 
version 4 databases. For the time being, we recommend 
these program modes for simple decontamination use 
cases, e.g. of small DNA metabarcoding data sets, while 
for large-scale analyses the use of specialized tools for 
this purpose such as Kraken (Wood & Salzberg 2014), 
QIIME 2 (Bolyen et al. 2019), or OBItools (Boyer et al. 
2016) is recommended. 

Practical considerations and complementary options

Because we envisage BlasTax to be especially useful 
for fast analyses of comparatively limited datasets for a 
wide community of users, we benchmarked the program 
deliberately on a rather standard and not very powerful 
computer, i.e., a tablet PC with an Intel Core i5 processor 
(1035G4 CPU @ 1.10GHz) and 8 GB RAM, with 64-bit 
Windows 10 Home operating system. For “Blast-Append” 
we chose as an example the addition of one new taxon of 
the genus Salamandra to a dataset of 2,950 alignments 
of nine taxa from Rodríguez et al. (2017). Making a new 
database from a transcriptome assembly of S. salamandra 
longirostris with 57,616 contigs took 2.85 sec, “BLAST-
Append” with the retrieval of single matches took 28 min 
and resulted in the addition of sequences of the new taxon 
to 2,653 of the 2,950 FASTA files. The average length of 
the newly added sequences was 726 bp, with individual 
sequence lengths ranging from 33-4881 bp. Subsequent 
codon-based alignment trimming for the entire data set 
took 29 sec, and the removal of sequences containing 
stop codons took 4 sec. “BLAST-Append” with retrieval 
of multiple matches took 24 min, and merging of multiple 
matches with “SCaFoS-Py” (after multiple sequence 
alignment) took 77 sec. Retrieving and merging multiple 
matches led to an average increase of the sequences 
of the target taxon from 752 to 843 bp. The resulting 
phylogenies from both data sets, as expected, place S. s. 
longirostris sister to S. s. salamandra and show a similar 

FIGURE 4. Maximum likelihood phylogeny of salamanders of the genus Salamandra, with Lyciasalamandra as outgroup, 
based on 2,950 genes (Rodríguez et al. 2017) to which sequences of S. s. longirostris were successfully added from a de novo 
transcriptome assembly with BlasTax, appending either (a) the single best matches (2,950 genes, 3,017,013 nucleotides), or (b) 
multiple matches subsequently merged with “SCaFoS-Py” in BlasTax (2,950 genes, 3,017,292 nucleotides). Sequences were 
aligned and concatenated in Concatenator (Vences et al. 2022) and trees inferred with by-gene partitioned strategy using IQ-Tree 
v.2.4.0 (Nguyen et al. 2015), determining substitution models and data partitions using BIC in ModelFinder (Kalyaanamoorthy et 
al. 2017) and assessing branch support with 1,000 ultrafast bootstrap replicates (Minh et al. 2013).
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topology overall, with somewhat higher support for one 
of the contentious nodes in the multiple-match + merging 
alignment (Fig. 4). 

To benchmark the “Museoscript” mode, we used 
a database of eight reference sequences of the 18S and 
28S rDNA genes from theraphosid spiders and a query 
FASTQ file from shotgun sequencing of an old collection 
specimen of the tarantula “Monocentropus” lambertoni 
(ca. 3.4 million 75 bp reads). The run took about 6 min.

In addition to these BLAST-based modes, the program 
also includes several utilities such as the modification 
of sequence identifiers (headers) in FASTA files (e.g., 
sanitizing and shortening the names to be able to transform 
them into a BLAST database), extracting FASTA files and 
taxID mapping files from BLAST databases, merging and 
splitting FASTA and FASTQ files, translating nucleotide 
to protein sequences, trimming codon positions in 
multiple sequence alignments, and detecting erroneous 
stop codons in sequences. See Table 2 for a full list of the 
BlasTax modes available so far. Furthermore, the program 
wraps the original code of Cutadapt (Martin 2011) and 
makes adapter removal from FASTA and FASTQ files, 
and quality trimming of FASTQ files, accessible by GUI. 

For many program modes, BlasTax also implements 
batch workflows, which translate to the possibility to 
consecutively process multiple files, e.g. thousands 
of FASTA files with single-gene alignments from a 
phylogenomic data set. “BLAST-Append” even has a 
double batch mode, where various query files and various 
reference databases can be specified for a single run.

System requirements 

BlasTax requires Python 3.10 and uses PySide6 for its 
graphical user interface. It is distributed as a setuptools 
module on PyPI and can be installed via pip. When 
invoked from the command line, BlasTax automatically 
detects BLAST+ if it is available on the system. If not, the 
user is prompted to download the latest BLAST version 
through the included command-line tool. BlasTax is also 
available as standalone binaries for Windows and macOS 
compiled with PyInstaller. In this distribution, BLAST+ 
is bundled with the executables and does not need to be 
installed separately. MAFFT is included as a Python C-
extension library, adapted from the original Bash script, 
with a limited set of options exposed. The program code 
is available from GitHub (https://github.com/iTaxoTools/
BlasTax) and the program executables for Windows 
and macOS are available as releases from GitHub, from 
PyPI (https://pypi.org/project/itaxotools-blastax/), or 
from itaxotools.org. All program modes and options are 
described step by step in the user manual (available from 
itaxotools.org).

Conclusions

With the various program modes as well as the original 
BLAST+ executables, all bundled in a single-click 

executable, BlasTax facilitates the use of local BLAST 
and makes it a valuable tool especially for users with 
limited experience in bioinformatics—which often 
applies to taxonomists. Especially for small-scale projects, 
exploratory analyses, or teaching, BlasTax allows 
leveraging the power of local BLAST for occasional users 
on any computer with Windows or macOS operating 
system, without the need to install the original BLAST+ 
executables, and without the often troublesome lookup 
of the various parameters and requirements needed for 
running specific BLAST+ searches.
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