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The scverse project provides a computational 
ecosystem for single-cell omics data analysis

S
ingle-cell omics technologies have 
enabled the creation of comprehen-
sive cell atlases across tissues and 
species and delivered key insights 
into the biological mechanisms 

underlying development, homeostasis and 
disease. Deriving such insights relied on the 
development of a multitude of computational 
tools and data structures1. However, the explo-
sive growth of tools led to incompatibilities 
in data formats, application programming 
interfaces (APIs) and user interfaces, posing 
growing challenges for both tool users and 
developers. Here, we present scverse (https://
scverse.org), a multi-institution open-source 
software project to address storage and analy-
sis needs of single-cell profiling data. Scverse 
will help to support an omics analysis ecosys-
tem in Python by bringing together tools and 

analysts into a robust community. To deliver 
a sustainable solution, scverse provides 
well-maintained core functionality including 
interoperable data formats and community 
structures. Scverse is an open community ini-
tiated by the developers of some of the most 
popular tools in the Python single-cell analysis 
ecosystem, including scanpy2, scvi-tools3 and 
muon4, which are successfully used in many 
downstream methods constructing various 
single-cell reference atlases of tissues, organs 
and organisms5.

The rapid growth, broad adoption and 
substantial impact of single-cell genomics 
depends on computational tools, as reflected 
in the accelerated growth of the software eco-
system1. With this growth, common obstacles 
of academic open-source software start to 
arise, including scattered and overlapping 

functionality across tools, poor discoverabil-
ity and documentation, and lack of testing 
and continuous integration for some tools. 
These issues are exacerbated by an incentive 
structure in academia that rewards novelty 
over maintenance of essential infrastructure6. 
Moreover, enhancement and maintenance of 
widely used academic software is often limited 
to the original authors and a small number of 
direct collaborators, which can severely limit 
their continued reliability. However, to ensure 
that all newly developed tools can interact 
with each other, a certain amount of centrali-
zation is required, especially concerning data 
structures.

At the core of the scverse ecosystem are 
the AnnData and MuData4 classes for storing 
and handling unimodal and multimodal high 
dimensional data, respectively. These data 
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Fig. 1 | Scverse. a, The scverse ecosystem. Central to the scverse ecosystem 
are the AnnData and MuData data structures, which are containers for high-
dimensional data with storage formats designed for interoperability with 
multiple languages and tools. The scverse core tools provide foundational 
support for single-cell data modalities and analysis paradigms. They are 
selected frameworks that scverse developers can build on and are guaranteed 
to be further maintained. On top of this core tooling, an ecosystem containing 
hundreds of dependent packages (Supplementary Tables 1 and 2) developed 
by members of the global research community has emerged. As a whole, this 

ecosystem has already provided functionality for powering a variety of use cases. 
b, Modes of participation for users and developers in scverse. Scverse is an open 
ecosystem, aiming to build resources and community structures that serve the 
needs of both analysts and ecosystem developers. Analysts will be supported 
with regular workshops for scverse core and ecosystem tools, comprehensive 
tutorials and community platforms for help and discussion. Developer-facing 
community structures include regular hackathons for networking and getting 
outside support, workshops for advertising their packages, and shared 
development infrastructure provided by the scverse core team.
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structures, which resemble Bioconductor’s 
SingleCellExperiment and MultiAssayEx-
periment classes7, respectively, keep annota-
tions and learned representations (such as 
a k-nearest-neighbors topology or feature 
attribution loadings) tightly associated with 
the measured data, facilitating an iterative 
approach to understanding the data. Data-
sets are stored using the language-agnostic 
high-performance array storage formats 
HDF5 and Zarr — allowing scalable out-of-core 
access, whereby datasets that do not fit into 
memory are efficiently accessed from local 
or cloud storage. Standardized storage has 
enabled use of AnnData and MuData by 
single-cell tools built in different program-
ming languages, such as vitessce ( JavaScript)8, 
zellkonverter (R)9, MuDataSeurat (R)4, scVI.jl 
( Julia) and anndata-rs (Rust). Data interoper-
ability is a high priority for the scverse team 
and will be furthered with improved metadata 
handling, further formalization of data sche-
mas, and collaboration with standards like 
OME-NGFF10.

On top of these data structures, scverse 
provides toolkits for fundamental tasks in 
single-cell genomics. Scanpy, a framework 
for single-cell data analysis in Python, is com-
plemented by muon for integrating data from 
multiple modalities, scirpy11 for T and B cell 
receptor repertoire analysis, squidpy12 for 
spatial omics data analysis, and scvi-tools for 
building and deploying deep learning models3 
(Fig. 1a). The mutual development of these 
scverse core tools allows efficient progress 
with fewer overlaps, and more support and 
continuity from developers across the core 
packages. All scverse core tools regularly 
validate new development versions through 
automated tests, ensuring interoperability 
of new releases.

Beyond interoperability, performance 
and robustness have practical and tangible 
repercussions for users who work with finite 
computational resources and with datasets 
that are increasingly scaling to millions of cells 
and more. Hence, tools in scverse primarily 
build on Python and its scientific software 
stack (https://scientific-python.org), allow-
ing support for sparse data representations 
and operations13,14, just-in-time compilation15 
and lazy operations on large arrays16,17, as well 
as deep learning libraries such as PyTorch18 
and Jax19. These advantages have led to broad 
adoption of scverse tools for data-intensive 
and computationally complex tasks such as 
atlas creation5, infrastructure for large-scale 
methods20–22 and hardware performance 
benchmarks.

Scverse is a community project, and as such 
thrives through joint development and com-
munication (Fig. 1b). The broader community 
has developed tools built on scverse packages 
to address key challenges in data analysis pipe-
lines. For example, cellxgene23 and vitessce8 
enable the interactive visualization of large 
heterogeneous data, sfaira24 orchestrates the 
management and harmonization of datasets, 
and PathML25 tackles the analysis of large-scale 
pathology data. These packages, along with 
all others that depend on scverse core tools 
and data structures, are part of the scverse 
ecosystem.

Ecosystem packages that follow develop-
ment best practices (for example, continu-
ous testing, documentation, and availability 
through standard distribution tools) are high-
lighted on scverse.org to increase their vis-
ibility and encourage creation of high-quality 
tools. This set of packages is curated through a 
public GitHub repository (https://github.com/
scverse/ecosystem-packages) that contains 
detailed requirements and instructions for 
adding new packages. Inspired by the docu-
mentation efforts of Bioconductor26, we are 
launching a community effort to create a 
curated set of learning materials on https://
scverse.org using materials from across the 
scverse ecosystem.

We are committed to public platforms and 
to making it easy to participate in the scverse 
community. Our work is done in public reposi-
tories on GitHub, and we discuss development 
in an open Zulip chat, as well as a Discourse 
forum (https://discourse.scverse.org) to facili-
tate communication between users and devel-
opers of both core and ecosystem packages. 
These open platforms explicitly bypass the 
barrier of individual research groups, with the 
goal of making more useful software available 
to more people. Like Bioconductor7, we see 
our community as composed of overlapping 
groups of developers and users. For method 
developers, we provide communication 
channels and facilitate the creation of eco-
system packages by providing a best-practice 
code template (https://github.com/scverse/
cookiecutter-scverse). For both users and 
developers, we aim to provide opportuni-
ties to participate in our community with 
workshops, hackathons and other hands-on 
events to foster tighter interactions between 
users and developers (Fig. 1b). In contrast to 
Bioconductor, we do not plan on expanding 
centralized infrastructure to include software 
distribution and servers for testing26. Instead, 
our packages and template rely on services like 
GitHub Actions, PyPI and Read the Docs that 

are commonly used in open-source software 
development.

As more powerful experimental techniques 
emerge, leading to increasingly large and 
complex datasets, it is crucial for the analy-
sis software to keep up with this progress. By 
providing a core of interoperable, scalable 
and user-friendly tools for an ever-growing 
ecosystem of cutting-edge methods to build 
on, scverse is well set up to support the next 
decade of discoveries in single-cell genomics.

Code availability
The source code for the scverse core tools 
is publicly available at https://github.com/
scverse. Code for determining the number of 
dependent packages and repositories is avail-
able from https://gist.github.com/ivirshup/4
bff45c0a8d38b97c5289c8b2407dfcf.
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