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Abstract.

Downloading large batches of DNA sequences can be useful to create custom databases containing for
example sequences of a particular genomic region or a group of organisms. These sequences can be
found on NCBI databases and accessed via a web browser (GUI) or directly via NCBI API. While the GUl is
user-friendly, it lacks certain functionalities. On the other extreme, the use of the API is flexible but
requires coding knowledge. NSDPY is a python package that combines flexibility and ease of use to
download large amount of DNA sequences and includes several taxonomic or filtering options like batch
downloading sequences for a list of taxa, downloading sequences including taxonomic lineage or
filtering CDS sequences for a specific gene. NSDPY is available on PyPI, it is written to minimize
dependencies on other packages and to be used directly from the terminal by simple command lines so
that most users can use it without prior coding experience.
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Table 1 Code Metadata

Code metadata description

C1l | Current code version v.0.2.3

C2 | Permanent link to code/repository used of | https://github.com/RaphaelHebert/nsdpy
this code version

C3 | Code Ocean compute capsule

C4 | Legal Code License MIT

C5 | Code versioning system used Git

C6 | Software code languages, tools, and python
services used

C7 | Compilation requirements, operating Python 3.8+; Windows, Linux, Mac OS
environments & dependencies

C8 | If available Link to developer https://nsdpy.readthedocs.io/en/latest/
documentation/manual

C9 | Support email for questions raphaelhebertl8@gmail.com
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1. Motivation and Significance

Downloading large batches of DNA sequences is becoming a common routine for molecular biologists
for a wide range of purposes such as creating custom databases for example for taxonomic assignments
in DNA metabarcoding projects[1,2], accessing sequences for phylogenetic studies[3], in silico PCR
primer design and testing[4].

The National Center for Biotechnology Information (NCBI) hosts a large number of databases. One of the
most frequently used and largest is the NCBI nucleotide database[5]. It is composed of GenBank, which
contains primary nucleotide sequences from a large range of organisms and RefSeq, which is a non-
redundant, well-annotated set of reference sequences. There are different ways to download large
quantities of sequences from NCBI databases. The simplest and most straightforward way is using the
Entrez search engine[6] via the NCBI website (NCBI GUI). It is an easy-to-use and versatile tool, since
complex queries can be easily constructed. Sequences can be downloaded in different formats (fasta,
GenBank, INSDSegXML, TinySegXML) but only formats relatively complicated to parse (GenBank and
INSDSegXML) contain both the sequence and the taxonomic lineage, thus it is necessary to have coding
knowledge to obtain the file format desired by the users. Furthermore, the NCBI GUI may timeout if
many sequences should be downloaded or if the connection is unstable; thus it is not well adapted for
mass downloading.

The use of the NCBI API [7] is a powerful and versatile way for downloading sequences and libraries like
Biopython [8] or the rentrez package in R [9] are also available to ease its use. However, they require
programming skills and thus their use is quite complex for inexperienced users. The NCBI Mass
Sequence Downloader [10] is an easy-to-use option that can be used in graphical or command-line
mode and it is specifically designed for mass downloading. However, it lacks some useful options such as
retrieving sequences with their taxonomic lineages and sorting these sequences according to them.

The NSDPY (NCBI Sequence Downloader) python package aims to provide a solution to these problems
while keeping the tool simple to use. NSDPY automatically downloads sequences based on an NCBI
query sentence, eventually combined with a list of taxa of interest. It provides several options to
retrieve taxonomic identifiers (TaxID) and taxonomic lineages and sorting sequences according to a
given taxonomic level is also possible. Further options allow downloading Coding DNA Sequences (CDS)
instead of the original fasta files and filter the results using regular expressions (a suite of characters
that specifies a search pattern in text) to retain only relevant sequences if the original query cannot be
sufficiently precise. The download is handled through the e-utilities to be able to handle lost connection
and timeout. The script is written in python 3.8 and special care was taken to avoid unnecessary
dependencies to limit maintenance issues and allow easy installation and use.

2. Software Description

2.1. Software specifications
NSDPY is a python package written in python 3.8. It uses the e-utilities tool [7] to access information in
NCBI databases. NSDPY can be easily installed using PyPI (https://pypi.org/project/nsdpy/ ) or can be
cloned directly from GitHub (https://github.com/RaphaelHebert/nsdpy ) and run as a Python script. It
can be freely modified since it is available under the MIT licence.
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The package can be installed and run directly from a terminal so it can be directly included in a pipeline
and does not require any prior knowledge of Python. Alternatively, it can be run from a Google Colab
notebook to avoid using the user's own computer and connection resources and have the results
available directly on Google Drive. This approach is not suitable for very large downloads as the Google
Colab resources are available for a limited time and Google Drive storage limits the amounts of data that
can be stored. However, it is very convenient to test, modify and run the code without having to install
any third-party software.

The main functionality of NSDPY is the mass download of sequences from NCBI. To handle eventual
timeouts or lost connection, NSDPY keeps track of the downloaded sequences and the sequences that
are still to be downloaded. If the connection is lost, the process will wait for the connection to be re-
established and resumes the download from the last correctly downloaded accession.

2.2. Software Functionalities
NSDPY requires a query sentence just as the NCBI GUI searches[11]. The users can provide complex
queries that combine several different search terms (e.g. MatK([Title], chloroplast[Filter], Viridiplantae
[Organism]) linked by Boolean operators (and, or, not) and structured by parentheses. The basic usage
of NSDPY is to download all relevant fasta files corresponding to the query and write them in one fasta
file as a result. This basic usage can be completed by several options.

The default output format is a fasta file containing accession number and the definition field of the
accession. However, the tsv option (-t, --tsv) produces a text file with tab-separated columns containing
accession numbers (SequencelD), NCBI’s numerical taxonomic identifiers (TaxID), sequence lengths and
the sequences themselves. This file is particularly easy to filter for users without programming skills.

There are several taxonomy related options. The taxids option (-T, --taxids) prompts NSDPY to write a
text file with SequencelDs and TaxIDs. The information option (-i, --information) modifies the fasta
definition line to write taxon name, SequencelD, TaxID and taxonomic lineage to the output fasta
definition lines. It also completes the tsv file with the taxonomic lineage when the tsv option is evoked.
At last, the downloaded sequences can be sorted to different fasta files according to a selected
taxonomic level using the following mutually exclusive options: -k (kingdom), -p (phylum), -s (the lowest
taxonomic level in the lineage) or preparing one file for each of the taxa specified by the user with the -
option (e.g. -l Crocodylia Lepidosauria Testudines).

When a large list of taxa should be included in the input query sentence, the user can provide an input
file containing the list of taxa using the -L option. The query will return all sequences that belong to any
of the taxa listed in the input file and satisfy the criteria of the query sentence.

In case of coding sequences, the users can choose to download the Coding DNA Sequences (CDS) fasta
files (-c option), instead of the complete fasta file. This helps to eliminate non-coding sequences and
obtain the coding sequences in the correct orientation. Furthermore, the -c option can be followed by a
list of regular expressions, to retain only coding sequences with at least one of the regular expressions in
the definition line. This feature is particularly helpful to isolate coding sequences from long sequences
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such as mitogenomes. Occasionally, due to incomplete annotations, the CDS fasta file might not contain
any of the regular expressions. In these cases, NSDPY downloads the accessions in GenBank format, and
tries to identify the desired coding sequences based on other fields such as note, gene synonym or
product.

The workflow is illustrated in Fig. 1. The input is an NCBI Entrez query sentence, or optionally a text file
with the list of taxa of interest. The main output is a fasta file with a downloaded and eventually filtered
sequences with original or modified identification lines with taxonomic information included (-i option).
Additionally, sequences can also be written into a tsv file together with their metadata (Seqld, TaxID,
taxonomic lineage, sequence length, sequence). A summary file (report.tsv) contains the query
sentence, runtime, and information on the run.

INPUT: ;"' Filter CDS files using : \

Required: NCBI query | Download CDS fasta files | -cRElist | regularexpressions (RE)
sentence (-r) / VTS
| Optional: List of taxa (-L) / & P\ S Download GenBank
. j \ format if no match for RE
.".-C & =
( ‘ Search GenBank format
P p Download fasta files I"‘-‘_ ‘ A . R o
Retrieve [~ ) | il
Aechssion Nurbes /“default~ e, T RE list
based on query e default ——_ | )
( OUTPUT:
T, 4, -k, -p, -5, -l report.tsv (query, runtime, sequence count)
sequences.fasta (original definition lines)
-i : sequences.fasta (includingtaxon names and lineages)
_ -t sequences.tsv (taxon names, seq|Ds, taxIDs, lineages, sequence
Download TaxIDs, lengths, sequences)
taxon names and lineages -T: TaxID.txt (sequencelDs, taxIDs)
\ -k, -p, -s, -lI: taxon.fasta one file per taxon

Fig. 1. Workflow of NSDPY. RE: Regular Expression.

3. lllustrative Examples

To illustrate the pros and cons of the script we ran it with three queries that illustrate typical uses of the
script and use the main functionalities of NSDPY. We used queries that may be used to retrieve the
cytochrome oxydase | (COI) sequences to make a custom database. For these examples, we installed
NSDPY as a package from PyPl and ran the commands directly from the terminal.

3.1. First example
We used the following command to isolate the COI sequences from complete mitochondrial sequences:

4
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nsdpy -r " (mitochondrion[Title] AND complete[Title])" -c 'cox[1li]' 'co[il]' -
v

In this query, the request (-r) helped to identify complete mitochondrial sequences. Since we are
interested in extracting COl sequences from these mitogenomes, we used a -c (--cds) option to
download the fasta files containing the CDS of the mitochondria, instead of the fasta files containing the
complete records. Furthermore, a list of regular expressions was given after the -c option to filter the
CDS file and to extract sequences with annotation corresponding to the provided regular expressions.
When no CDS fasta file was available, or no COI gene found in it, the script downloaded and searched
the accession in GenBank format (.gb). The annotation in GenBank files may be organized differently
depending on the authors: in most cases, COl is annotated in the gene field (e.g. KY052129.1) while in
others in the note (e.g. NC_046833.1, AY191994.1, EU273708.1), gene_synonym (e.g. AB475096.1, ) or
product (e.g. CP014249.1) fields.

Note that the -v option stands for verbose. It just allows the user to see how many percent of the
sequences have been downloaded.

In short, in this query, the request helped to download complete mitochondrial sequences which would
not have been found by a keyword search for COI gene and adding the regular expression helped to
filter the sequences to isolate the desired gene.

The results are as follows:

e 98398 coding sequences including 97 149 sequences identified from the fasta files containing
the CDS and 1 249 sequences extracted from the GenBank files, where the COl gene was not
available in the fasta file.

e 6301 accession numbers in the notfound.txt file, where the COI gene could not be identified
(e.g. MH500775.1).

e 252 accession numbers in the duplicates.txt file with accession numbers that returned more
than one coding sequence for the COI. For example, the accession MK562756.1 has two genes
annotated as COX1 in its GenBank file.

3.2. Second example
We used the following command to download all COIl sequences using keywords present in the title
fields and sort the sequences by kingdom:

nsdpy -r "(COX1[Title] OR COXI[Title] OR COl1[Title] OR COI[Titlel)" -k -T
The request (-r) combines a series of abbreviations frequently used to refer to the cytochrome oxidase
subunitl gene. The search is limited to the title field of the accessions, to avoid false positives.
Automatically sorting the sequences according to given taxonomic levels can help users in post-
processing the sequences. The kingdom option (-k) sorts the sequences according to the kingdoms that
are pre-recorded in the script. The -T (or --taxids) option produces a text file with all the accession
numbers returned by NCBI for a user's query and the corresponding NCBI taxonomic IDs.
The results are as follows:

. METAZOA.fasta file containing 3 637 305 sequences
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. PLANTAE.fasta file containing 25 987 sequences

. FUNGlI.fasta file containing 2 089 sequences

. OTHERS.fasta file containing 30 371 sequences with lineage that does not correspond to
any of the above three kingdoms (e.g. MZ152022.1 which is a heterokont).

. The no_taxid.fasta file contains 31 581 sequences for which no taxonomic information

could be found. In some cases, the taxonomic identifiers available in the downloaded files are
out of date, and not easily accessible from the taxonomy database.

. The TaxIDs.txt file contains all accession numbers and their TaxIDs in two, tabulation
separated columns.

3.3. Third example
We used the following command to download mitochondrial (mitochondrion[Filter]) sequences of four
Lepidopteran genera (Parnassius[ORGN] OR PierisfORGN] OR Melithaea[ORGN] OR IphiclideslORGN])
published in NCBI nucleotide database since 2010 ("2010"[Publication Date] : "3000"[Publication Date]),
with a barcode present in the keyword field (barcode[Keyword]):

nsdpy -r " (Parnassius[ORGN] OR Pieris[ORGN] OR Melithaea[ORGN] OR
Iphiclides[ORGN]) AND COI[Title] AND (2010[Publication Date]
3000 [Publication Date]) AND barcode[Keyword] AND mitochondrion[Filter]" -i -t

The request (-r) combines a series of search terms, each of them limited to a particular field (e.g.
Organism, Publication Date) of the GenBank record. Note the use of OR to link the different names of
the genera, to obtain sequences from all of them, and the use of parentheses to correctly structure the
query. The -i option replaces the original definition lines to give taxonomically informative format more
adapted for phylogenetic studies: taxon_name-SeqID | TaxID | Taxonomic lineage with comma-
separated values. The -t option produces a tsv file with the following fields: Taxon name, SequencelD,
TaxID, Taxonomic lineage, Sequence length, Sequence.

Note, the exact same result can be obtained by the following command:

nsdpy —-r "COI[Title] AND (2010[Publication Date] : 3000[Publication Date])
AND barcode[Keyword] AND mitochondrion[Filter]" -i -t -L genus_list.txt

The genus_list.txt is a text file with the four Lepidopteran genera of interest (one genus name in each
line). We used just a short list, in this example, but it can contain thousands of taxa of any taxonomic
level.

The command has downloaded 1447 sequences form 55 taxa (genus, species, or subspecies).

4. Impact

High throughput sequencing (HTS) has gone through a spectacular development in the last 20 years.
Sequencing throughput increased, while sequencing cost decreased exponentially[12]. This has
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revolutionized molecular biology and now HTS is routinely used in very diverse fields of biology such as
medical research[13—-15], transcriptome analyses[16], genome structure[17], genomic variation and
biodiversity studies [18—20]. Many of these fields require the use of custom databases, but
metabarcoding is one of the fields where the need of custom databases is most pressing[21].
Metabarcoding has become a well-established method for biodiversity surveys[22]. The number of
metabarcoding studies has dramatically increased in the past ten years. Google Scholar returned 124
studies with metabarcoding as a keyword published in 2011, while this number is about 5500 for 2021.
One of the key aspects of metabarcoding is the taxonomic assignation of the sequences, which relies on
a reference database as complete as possible. The NCBI nucleotide database contains nearly 500 million
sequence records[5] and this number is steadily increasing. This provides an excellent resource for
taxonomic assignment due to its large taxonomic coverage. However, due to its size, direct comparison
of sequences to this database is impractical. Therefore, there is a need to establish custom databases of
molecular markers and/or taxonomic groups and to maintain them up to date[21,23-25].

The download of large amounts of DNA sequences is inevitable when constructing custom databases.
NSDPY is a practical tool to automate the download, and to sort and filter the sequences. Accessing
taxonomic information is particularly important for creating custom databases for biodiversity studies
and particularly for metabarcoding projects. Precise taxonomic information (TaxID, Lineage) is seldom
included in standard downloading formats, or if present, further processing is necessary that requires
some programming knowledge. Thus, the ability to download the taxonomic information and sort the
sequences to different files according to a given taxonomic level can save a considerable amount of time
and helps to avoid sorting errors. Another time-saving option is the possibility to download sequences
from a long list of taxa with a single command.

The possibility of filtering the sequences by a gene name (provided as a regular expression) is a useful
feature when downloading whole organelle sequences such as mitochondria or selecting different genes
from long sequences. This feature is very useful, since it allows users to obtain a set of high-quality
sequences where the gene is complete and correctly oriented. When searching for genes of organelles,
these high-quality sequences cannot be easily accessed by classic keyword searches. Thus, NSDPY fills a
gap and helps users to easily obtain complete sequences of a gene from organelle genomes.

With NSDPY, if a disconnection occurs while downloading, the script will wait for the connection to be
re-established to resume the download thus avoids restarting the procedure and losing time.

This software package is meant to be used to download large amount of DNA sequences from NCBI
databases to generate custom reference databases. The software can be included in bioinformatic
pipelines. The automation of gathering the sequences with their taxonomic information, sorting, and
filtering the sequences without having to learn how to code can drastically improve the workflow of
users. For the users with coding experience, the script can be easily modified to be adapted to other
specific needs.

5. Conclusions

In this paper, we described the implementation of NSDPY and its built-in features and provided
examples of possible usages. As it is written under the MIT licence and can be easily customized, it is
expected that NSDPY will be developed to adapt to more specific work. It meant to support the work of
researchers who need to work with custom databases of DNA sequences.

7
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