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Scikit-bio: afundamental Pythonlibrary
for biological omic dataanalysis

W Check for updates

odern biological studies are
characterized by the involve-
ment of various ‘omic’ data
types that describe the total-
ity of biological entities, such
as genomics, transcriptomics, proteomics,
metabolomics and metagenomics. They
offer unprecedented insights into complex
biological systems but also pose persistent
analytical challenges, including high dimen-
sionality (many more features than samples),

Tree structure modeling

sparsity (most features are zero) and com-
positionality (features are interdependent
within a sample)"* Despite challenges, omic
data also present a unique opportunity: the
biological features are interconnected by
knowledge-based, often tree-structured
graphs, such as phylogenetic trees and func-
tional classifications, that can be exploited to
enhance analysis. These characteristics render
generic dataanalysis methodsinadequate for
omic data.

Tomeet this need, weintroduced scikit-bio,
aPythonlibrary for bioinformatics thatis ori-
ented toward omic data analysis (Fig.1). With
more than 500 public-facing functions, classes
and methods, scikit-bio provides a compre-
hensive suite of data structures and algo-
rithms designed to address the fundamental
analytical challenges and opportunities inher-
ent to omics. Although scikit-bio supports
basic sequence analysis, its true strength lies
in the analysis of sample-by-feature tables
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Fig. 1| Scikit-bio’s capacities for biological omic data analysis and its
interactions with other tools in the Python scientific computing ecosystem.
Squared-offboxes with illustrations represent data structures (light grey
background) or analyses (white background). Round-cornered boxes

represent specific analytical tools, categorized as follows: green, functionality
implemented in scikit-bio; blue, functionality offered by external Python libraries
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that can be used in conjunction with scikit-bio within the Python framework—for

Biological inference —— Analytical tool

example, a distance matrix generated by scikit-bio can be input into SciPy for
hierarchical clustering, scikit-learn for k-nearest neighbors classification or
umap-learn for UMAP embedding; yellow, functionality provided by non-Python
programs that caninteract with scikit-bio through file input and output (1/0).
For example, scikit-bio can read a phylogenetic tree built by RAXML or a multiple
sequence alignment generated by MAFFT.
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and associated tree structures, the two data
representations common to many omics stud-
ies. Thisunique focus distinguishes scikit-bio
from general-purpose toolkits such as BioPy-
thon® and domain-specific packages such
as ScanPy*. Scikit-bio also serves as a bridge
between omics-based methods, many origi-
nally developed in R, and advanced machine
learning frameworks commonly implemented
in Python (Supplementary Table1).

Scikit-bio addresses the sparsity chal-
lenge of omic data by integrating the Bio-
logical Observation Matrix (BIOM) format®,
a sparse matrix structure for tabular data.
Developed and maintained by members of
our team, BIOM has served as a standard in
microbiome research. To address data com-
positionality, scikit-bio provides multiple
transformation methods, such as center
log-ratio (CLR) and a multiplicative replace-
ment method for zero handling. Italsoimple-
ments compositionality-aware differential
abundance tests, such as analysis of composi-
tion of microbiomes (ANCOM). Meanwhile,
scikit-bio houses a variety of metrics to quan-
tify biological diversity within and between
samples. The latter category generates a
distance matrix, which can then feed into
multidimensional scaling techniques such
as principal coordinates analysis (PCoA) for
non-Euclidean dataembedding, or multivari-
ate statistical tests such as permutational mul-
tivariate analysis of variance (PERMANOVA)
to assess omic-trait correlations. Moreover,
scikit-bioimplements the Mantel test for eval-
uating cross-omic correlations. The library
also features functionalities for working with
tree structures that model the biological rel-
evance among features. Users can construct,
traverse and manipulate trees, calculate the
distances between features or groups, and
integrate trees into community modeling
(such as Faith’s phylogenetic diversity (PD)
and UniFrac metrics), thereby incorporat-
ing biological knowledge into the analysis of
high-dimensional data that would otherwise
be analytically intractable.

Many implementations are state of the
art or unique in the Python ecosystem
(Supplementary Table 1). They have been
optimized for the efficient analysis of
immense datasets in contemporary and
emerging research (such as PCoA analyses of
>100,000 samples®).

Scikit-bio integrates seamlessly with the
Python scientific computing ecosystem. Its
structured APladheres to modern stylingand
design principles. Many functionalities utilize
widely adopted, efficient data structures, such

as NumPy arrays, SciPy sparse matrices and
Pandas dataframes, to enable users to apply
scikit-bio functions to existing data without
costly conversions. Outputs from scikit-bio
analyses can be directly utilized by external
libraries, such as statsmodels for statistical
analysis, scikit-learn for machine learning and
matplotlib for data visualization. Scikit-bio
also features a flexible and extensible input/
output system, making it interoperable with
non-Python bioinformatics workflows.

Since its initial release in 2014, scikit-bio
has supported numerous studies and tool
developments. Notably, ithas supported mul-
tiple essential functionalities of QIIME 1/27%,
awidely adopted microbiome data analysis
platform. Though scikit-bio originated in
microbiome research, with multiple core
abstractions driven by that community, its
design leverages common properties of omic
data.Asastand-alonelibrary, it hasamodular
architecture that lets users select and com-
bine only the components they need, plug-
ging them into domain-specific workflows to
suit various omics analyses. Its adoption has
extended into various fields beyond microbi-
omeresearch, such assingle-cell dataanalysis,
structural variation analysis, metabolomics
and epigenomics. The collective works lever-
aging scikit-bio have been cited tens of thou-
sands oftimes (Supplementary Tables2and 3).

Our team adheres to industry-standard
practices to ensure a high-quality software
project, maintaining 98% unit-test coverage,
with comprehensive doctests, and objective
style enforcement. The online documenta-
tion details the mathematical background,
biological applications and example code
of functionalities, plus structured tutori-
als navigating through modules and work-
flows. Additionally, scikit-bio has served
as the basis for a bioinformatics textbook’.
These practices ease adoption and facilitate
interdisciplinary collaboration.

The scikit-bio project thrives on a
community-driven model, with contribu-
tions from more than 80 developers to date.
This approach ensures scikit-bio’s continu-
ousevolutionalongside advancesinscientific
computing. Our teamis committed toimprov-
ing and expanding scikit-bio’s functionality
to support up-to-date and broader research
applications. We believe that this essential
software library will continue to benefit the
research community into the future.

Code availability
The scikit-bio project’s official website is
https://scikit.bio. The source code of scikit-bio

islicensed under aBSD-3 licensed and hosted
atthe public GitHub repository https://github.
com/scikit-bio/scikit-bio. Version 0.7.0 of the
source code has been permanently archived
atthe Zenodo repository at https://zenodo.
org/records/15988672. The scikit-bio software
package is distributed free of charge via PyPI
(https://pypi.org/project/scikit-bio/) and
conda-forge (https://anaconda.org/conda-
forge/scikit-bio). Comprehensive documen-
tation of scikit-bio, including guidelines, API
references and example usages, are avail-
able at the official website. A structured list
of scikit-bio tutorials is available at https://
github.com/scikit-bio/scikit-bio-tutorials.
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