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Abstract. Understanding the fundamentals of nucleic acid sequences that encode
proteins is one thing; however, the advent of high-throughput next-generation sequencing has
ushered in an era of vast biological data. To advance our scientific endeavors amidst this
deluge of information, we must harness a suite of life science computing tools, with
bioinformatics being a key example. Biopython stands out as a valuable resource in this
context—a collection of free Python modules dedicated to computational molecular biology. It
encompasses a rich array of modules, scripts, and web links that connect to a multitude of
online resources. The scientific community has warmly embraced Biopython for its prowess as
a parser for diverse file formats and its facilitation of access to online sequence analysis
services. In this paper, we aim to elucidate the pivotal role Biopython plays in fostering the
field of bioinformatics.
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Kuiscoxuii nayionanvHuil yHigepcumem mexHono2il ma ousainy
BIOPYTHON: BAKJINBI IPUKJIA/THI 3ACOBMU B I'AJ1Y31 BIOIH®OOPMATUKU
TA OBUUCJIIOBAJIBHOI MOJIEKYJISIPHOI BIOJIOT T

Anomauia. Illosisa 6uUCOKONPOOYKMUBHO2O CEKBEHYBAHHA HACMYNHO20 NOKOJIHHS
8IOKpuULa epy senudesHux 0ocaeie bionociunux danux. Ilpu npocyeanui HAyKo8Ux 00CHioHiCetb
ceped Ybo2co NOMOKY iHGopmayii euHukae nompeda GUKOPUCMOBYBAMU PIZHOMAHIMHI
iHcmpymenmu 01 00poOKu 6ionociyHoi iHghopmayii, ceped AKUX O0OHe 3 KIHOYOBUX MICYb
saumae ioinghopmamuxa. Biopython eudinsemovcs ax yinuuil pecypc y ybomy KOHmMeKcmi — ye
KoneKkyisi 6e3KoumosHux mooynie Python, opienmosanux Ha Komn'tomepHy MONeKYIAPHY
bionocio. Biopython micmums wupoxui Habip MoOyaie, CKpunmis i 6eO6nocuians, wo
3'€0Hytoms Kopucmyeauié 3 yucieHHumMu OHIauH-pecypcamu. Haykoea cnintbHoma 6ucoko
oyintoe Biopython 3a 1i0eo moociueocmi napcuney piznux gopmamie ¢aiinie i docmyny 00
OHJIAUIH-Cepeici8 OISl AHANi3y NOCAI008HOCEL.

Knrouosi crosa: Biopython, Gioingpopmamuka, obuucniosaibna moiekyisapua 6ionoeis,
BUCOKONPOOYKMUBHE CEKBEHYBAHHS, CEKBEHYB8AHHA HACMYNHO20 NOKOMIHHA, NOCIIO08HOCMI
HYKIEIHOBUX KUCTOM.

Introduction. The advent of high-throughput next-generation sequencing technology
has sparked an exponential surge in biometric data across genomics, proteomics, and other life
sciences. This deluge of data has not only quickened the pace of research but also significantly
propelled scientific advancement through advanced biometric data analysis. In the pursuit of
seamlessly integrating life science applications with theoretical frameworks, the field of
bioinformatics has stepped in, bringing with it a cornucopia of tools, data, and online services
[1]. Among these resources, Biopython stands out, with its adoption rate consistently on the
rise.
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As a bioinformatics processing service, Biopython is a treasure trove of online resources,
further expanded through web links [2]. It boasts the ability to recognize and parse a diverse
array of bioinformatics file formats, including BLAST, FASTA, and GenBank [3]. Moreover,
Biopython serves as a gateway to NCBI, EXPASy online services, and an arsenal of powerful
tools such as sequence alignment, motif analysis, clustering algorithms, structural biology
modules, and phylogenetic analysis modules [4].

The significance of Biopython, however, transcends its technical prowess. It empowers
bioinformatics researchers and molecular biologists with a robust, adaptable, and user-friendly
programming toolkit. By presenting a standardized interface for engaging with biological data,
Biopython enhances research efficiency and minimizes the time spent on data preprocessing,
allowing researchers to devote more focus to data analysis and interpretation. Furthermore,
Biopython's compatibility with multiple operating systems and file formats fosters cross-
platform research, simplifying the sharing and analysis of data across various platforms. This
has, in turn, ignited the development of bioinformatics by offering a suite of modern
programming tools that nurture the growth of new bioinformatics methods and algorithms,
thereby driving the field forward.

Bioinformatics tools and databases like Jalview and the SIB Swiss Institute of
Bioinformatics are pivotal for multiple sequence comparison editing, visualization, and analysis.
They offer researchers a wealth of resources in proteins and proteomes, glycomics, structural
biology, genes and genomes, and evolutionary and systems biology. Equipped with built-in DNA,
RNA, and protein sequence and structure visualization and analysis capabilities, as well as linked
views of aligned DNA and protein products, these databases and software tools provide
formidable support for processing and analyzing the ever-growing volume of biometric data. This
facilitates research and development in the life sciences, enabling researchers to analyze data
more efficiently, spur scientific discovery, and catalyze innovation in the realm of bioinformatics.

Biopython, revered as a pivotal application in the domains of bioinformatics and
computational molecular biology, holds an esteemed position among scientific researchers,
especially those in biostatistics. Its well-earned reputation is a result of its unique features and
the dedicated efforts of its development team. Comprised of a committed group of volunteers,
these individuals not only sustain the platform’s daily functions but are also highly responsive
to user feedback, ensuring continuous functional refinement and enhancement.

Biopython is designed to keep pace with the latest trends in life science research,
excelling in the management and analysis of extensive datasets through advanced algorithmic
approaches. This capability is essential to its cutting-edge and innovative character. The
platform is tailored to meet the needs of a wide array of users by adopting a robust
interdisciplinary strategy, thus enhancing its practicality across various scientific disciplines.

Through the ongoing integration of user suggestions and the fostering of collaborative
efforts, Biopython maintains its state-of-the-art functionalities, mirroring the dynamic evolution
of life sciences. Its dedication to interdisciplinarity extends its utility and establishes Biopython
as a multifaceted solution adaptable to the unique requirements of different scientific domains.
This flexibility is a hallmark of Biopython's adaptability and underscores its importance as an
indispensable tool in contemporary biological research.

Basic features. Biopython has emerged as an invaluable programming tool in the realm
of bioinformatics, boasting a suite of robust features and an intuitive design that has endeared
it to developers worldwide. This powerful toolkit significantly lightens the load for developers
tasked with parsing the intricacies of bioinformatics file formats by equipping them with a
collection of meticulously crafted, reusable libraries [5]. These libraries not only streamline the
coding process but also bolster the clarity and maintainability of the code, making it more
accessible to both new and seasoned programmers.
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When it comes to sequence processing and file parsing, Biopython transcends the
limitations of conventional string manipulation by introducing feature-rich sequence objects [6].
These objects are endowed with an array of biologically relevant methods that go beyond the
scope of standard operations. For example, users can effortlessly carry out sophisticated
molecular biology procedures such as determining the complementary strands of a sequence,
transcription, and translation—tasks that are pivotal to molecular biology research. Biopython
simplifies these complex operations, making them not only feasible but also swift and efficient.

The SeqlO module in Biopython serves as a versatile data processing tool, akin to a
Swiss Army knife, by providing a unified interface for reading and writing a variety of sequence
file formats [7]. This capability empowers users to handle data from diverse databases and
studies with a consistent approach, thereby significantly enhancing the adaptability and
productivity of data processing tasks.

Biopython's prowess in multiple sequence alignment is equally noteworthy. It offers an
array of alignment tools, encompassing both global and local alignment algorithms, along with
an assortment of sequence analysis utilities. These tools are adept at assisting researchers in
calculating sequence GC content, identifying open reading frames, and much more. Moreover,
they are proficient in uncovering sequence homologies, a critical aspect for deciphering the
roles of genes and proteins. The comprehensive nature of these functions not only facilitates
the research process for scientists but also streamlines data organization, thereby markedly
enhancing research productivity.

Biopython's integrated online search engine is a standout feature that has garnered
widespread acclaim among researchers. It permits users to directly fetch data from renowned
databases like NCBI and ExPASy without the need to exit their programming environment.
This feature substantially boosts the efficiency of data retrieval and analysis, empowering
researchers to swiftly extract pertinent information from extensive biological databases [8].

Moreover, Biopython's interoperability with other databases through BioSQL greatly
simplifies the storage and management of sequence data. This feature minimizes the time spent
on data compilation and fosters collaboration across different platforms, enabling seamless data
sharing and analysis.

The ability of Biopython to perform quality control and filtering on sequencing data is
indispensable for achieving reliable sequencing outcomes. It ensures the precision of data,
thereby laying a solid foundation for subsequent analysis and research endeavors. In the age of
prevalent high-throughput sequencing technologies, this feature is of paramount importance.
Biopython has solidified its status as an essential tool for bioinformatics researchers, thanks to
its robust features and user-friendly design. It not only enhances research efficiency but also
fuels the advancement of scientific discoveries. With its flexibility and extensibility, Biopython
is poised to evolve in tandem with the ever-growing bioinformatics field, presenting a world of
boundless opportunities for future research endeavors.

Basic operating procedure. Biopython's foundational operations serve as the bedrock
for all data analyses conducted within its platform, and mastering these processes is essential
for advancing to more complex tasks such as multi-sequence comparisons and sequence feature
analysis [9]. In other words, a thorough understanding of Biopython's core functionalities is a
prerequisite for delving into the advanced aspects of sequence feature outputs and multi-
sequence comparisons.

Processing Sequences. In the world of bioinformatics, sequences are rightfully central,
and Biopython's mechanism for dealing with sequences relies heavily on the Seq object, which
is pretty much the primary tool we use when working with biological data. Most of the time
when we think of a sequence, we have a string of letters like ‘AGTACACTGGT’ in mind. You
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can create a Seq object by following these steps — “>>>" indicates that the Python prompt is
immediately followed by what you want to type (fig. 1).

>>> from Bio.Seq import Seq
>>> my_seq = Seq("AGTACACTGGT")
>>> my_seq

Seq( '"AGTACACTGGT')

>>> print(my_seq)

AGTACACTGGT

Source: compiled by the author based on [9].
Fig. 1. Code in BioPython to create a Seq object

The other most important class is SeqRecord or Sequence Record, which retains
additional annotation information about a sequence (as a Seq object), including ID, name, and
description, and the Bio.SeqlO module, which reads and writes to the sequence file format, can
work with the SeqRecord object.

Simple FASTA parsing example. If you open the FASTA file Is_orchid.fasta for lady
slipper orchids in your preferred text editor, you'll see that the file begins like this (fig. 2).

>gi|2765658|emb|Z78533.1|CIZ78533 C.irapeanum 5.85 rRNA gene and ITS1 and ITSZ DNA
CGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAGGATCATTGATGAGACCGTGGAATAAACGATCGAGTG
AATCCGGAGGACCGGTGTACTCAGCTCACCGGGGGCATTGCTCCCGTGGTGACCCTGATTTGTTGTTGGG

Source: compiled by the author based on [9].
Fig. 2. Example of FASTA file

It contains 94 records, with each row starting with a *>’, (greater than sign) followed
immediately by a sequence of one or more rows. Now try the following Python code this (fig. 3).

from Bio import SeqlO

for seq_record in SeqIO.parse("1ls_orchid.fasta", "fasta"):
print(seq_record.id)
print(repr(seq_record.seq))
print(len(seq_record))

Source: compiled by the author based on [9].
Fig. 3. FASTA parsing example in Biopython

Simple GenBank parsing example. Now let's load a GenBank file Is_orchid.gbk — note
that the code here is almost identical to the code above that handles the FASTA file — the only
difference is that we've changed the filename and the formatting string of the file (fig. 4).

from Bio import SeqlIO

for seq_record in SeqlIO.parse("ls_orchid.gbk", "genbank"):
print(eq_record. id)
print(repr(seq_record.seq))
print(len(seq_record))

Source: compiled by the author based on [9].
Fig. 4. GenBank parsing example in Biopython
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Future Development. The advent of next-generation sequencing technologies [7] has
unleashed a torrent of biological data, presenting researchers with a formidable challenge.
Professionals in this field are now required not only to possess a robust foundation in both
biology and computer science but also to have a deep understanding of the essence of
bioinformatics. It is not enough to simply manipulate ready-made online tools; more
importantly, they must be able to discern the underlying nature of biological problems and
develop and implement algorithms and scripts to tackle these challenges effectively.

For students in life sciences, acquiring programming skills tailored to bioinformatics is
an essential, albeit daunting, task. Consequently, there is an urgent need for the support of
robust online platform tools. If Biopython were to allocate more resources to creating
educational materials and training courses, it could greatly assist both novice and seasoned
researchers in mastering and utilizing this toolkit more efficiently [8]. Meanwhile, the active
developer community behind Biopython will continue to propel it forward, introducing new
features to address the evolving demands of scientific research.

In the midst of the rapid advancements in bioinformatics, Biopython is anticipated to
incorporate more cutting-edge technologies. This includes the application of artificial
intelligence and machine learning to sequence analysis, as well as leveraging cloud computing
platforms for managing large-scale data analysis [9, 10]. Furthermore, as bioinformatics
increasingly intersects with other disciplines, Biopython may expand its interdisciplinary
capabilities to support research in precision medicine, agricultural genomics, environmental
microbiology, and more. By doing so, it could play a pivotal role in several cutting-edge areas
of life sciences [11].

Conclusion. Biopython has emerged as a crucial tool in the hands of researchers within
the dynamic and revolutionary domain of bioinformatics, owing to its versatility and forward-
thinking perspective [12]. It not only keeps pace with the latest developments in scientific
research but also bolstered by an active developer community, Biopython continuously evolves
and improves to address the ever-changing demands of the research community [13].

The sophistication of Biopython extends beyond its keen understanding of scientific
research trends; it also demonstrates a commitment to being responsive to user needs. By
integrating online resources and tools from various platforms, Biopython offers a robust and
adaptable platform for life science researchers [14]. This platform enhances capabilities for
interdisciplinary applications and aligns with society's aim of nurturing individuals who can
navigate multiple fields of study.

The ongoing advancement of Biopython has significantly expedited the scientific
research process and hastened the arrival of new discoveries [15]. Equipping researchers with
efficient and user-friendly tools, Biopython facilitates the rapid and precise processing and
analysis of vast biological data sets [16]. It has been instrumental in driving breakthroughs in
critical areas such as genomics, proteomics, and systems biology.

Moreover, Biopython's interdisciplinary character promotes collaboration across
different scientific disciplines, offering fresh viewpoints and solutions to intricate scientific
challenges [17]. As the life sciences continue to progress and broaden, Biopython is poised to
persist in its role as a catalyst for scientific discovery and technological innovation, providing
enhanced support for future researchers and encouraging exploration in life sciences to delve
deeper and reach further [18].

Biopython is more than just a tool; it is an ecosystem, a hub that brings together
researchers, developers, and educators. By reducing the barriers to bioinformatics analysis, it
sparks interest and engagement in life sciences among a wider audience, thereby infusing the
field with renewed vigor. With the impending integration of artificial intelligence, machine
learning, and other cutting-edge technologies with Biopython, the future of bioinformatics
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research is poised to become increasingly intelligent and personalized. Biopython will continue
to play an essential role in this evolution, guiding researchers onto a path of discovery that is
brighter and more enlightening.
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