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Abstract

We are launching a machine learning (ML) competition focused on particle pick-
ing in cryo-electron tomography (cryoET) data, a crucial task in structural biology.
To support this, we have created a comprehensive suite of open-source tools to
develop resources for our competition, including copick for dataset management,
napari plugins for interactive visualization, utilities for converting particle picks
to segmentation masks, and PyTorch tools for custom dataset sampling. These
resources streamline the processes of data handling, labeling, and visualization,
allowing participants to focus on model development. By leveraging these tools,
competitors will be better equipped to tackle the unique challenges of cryoET data
and push forward advancements in particle picking techniques.

1 Introduction

We are hosting a machine learning competition to attract researchers focused on developing meth-
ods for identifying particle positions in 3D images acquired with cryo-electon tomography (cryoET).
CryoET is a powerful technique for visual proteomics, enabling detailed exploration of biological
systems at the molecular level. However, its application in large-scale experimentation is constrained
by low throughput, particularly for identifying the 3D coordinates of proteins or macromolecular
complexes within tomograms — crucial for achieving near-atomic resolutions with sub-tomogram
averaging. This step of identifying particle positions is termed particle picking, the process of iden-
tifying and labeling individual particles within tomograms. Our competition is focused on support-
ing model development and evaluation for particle picking in cryoET data with an emphasis on
identifying multiple particle types of varying sizes in experimental data.

Particle picking in cryoET is typically approached as an object detection or segmentation problem.
Consequently, some of the most successful algorithms are based on model architectures such as
YOLO [, ResNet [2], and U-Net [3} 4]]. Nevertheless, in practice, model performance can vary
significantly depending on the dataset and the particle of interest.

To advance the field, several machine learning competitions have been organized with the aim of im-
proving state-of-the-art techniques for particle picking. Unlike our competition, previous challenges
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in cryoEM have primarily focused on synthetic data. Past competitions in cryo-electron microscopy
(cryoEM) and cryoET relied on synthetic data or focused on specific particles, such as ribosomes.
For example, HREC 2020 for cryoEM [3]], cryoET SHREC 2021 [6], and competitions on hetero-
geneity in cryoEM [7]] have provided valuable benchmarks. Although these competitions have had a
positive impact on the field, synthetic data is not ideal for training machine learning models. It often
fails to capture the full range of distortions, artifacts, and noise often present in experimental data —
which is critical for developing robust generalizable algorithms for real-world applications.

Our competition is designed to identify models that can: (1) maximize prediction performance when
trained on a small number of annotated tomograms, and (2) perform robustly across a range of
particle sizes. This setup reflects the typical scenario faced by cryoET researchers who need to
minimize annotation effort while studying a diverse set of particles, often with only a few tomograms
available for training. This paper outlines the open-source tools we have developed as resources to
support participants in this and future cryoET machine learning competitions.

2 Data

To preserve the integrity of our competition, the data is thoroughly described in a manuscript was
under embargo until the official launch of the competition on November 6, 2024. Details on the
competition and the data can be found in this paper [8]].

In this paper we have used a publicly available synthetic dataset with similar characteristics to
demonstrate the open-source tools developed to support cryoET particle picking competitions. This
dataset uses PolNet [9] to simulate 27 tomograms containing particles of varying sizes. This dataset
is available as deposition CZCDP:10439 on the CZ cryoET Data Portal [10]. The dataset includes
not only tomograms but also ground-truth picks in the copick format and binary segmentation masks
for each particle species. An example tomogram is illustrated in Fig. [I] and is available here:
https://cryoetdataportal.czscience.com/datasets/10439,
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Figure 1: The orthogonal views of tomogram number 20 of the dataset 10439 through CryoET Data
Portal.


https://cryoetdataportal.czscience.com/datasets/10439

3 Methods and Tools

In this paper, we present the suite of open-source tools we have used and created as resources to
support participants in our cryoET particle picking competition. These tools cover a range of func-
tionalities, including data management, visualization, data labeling, and PyTorch dataset loading
and sampling.

For data management, we developed copick (https://github.com/copick/copick), a generic
interface designed to handle cryoET datasets. To facilitate visualization, our example notebooks
provide example code using Matplotlib, along with a custom napari plugin that enables users to vi-
sually browse and interact with copick projects. To streamline data labeling, we created copick-utils
(https://github.com/copick/copick-utils), a collection of utility functions that includes
conversion between point annotations and semantic segmentation masks. For PyTorch Dataset inte-
gration, we developed copick-torch (https://github.com/copick/copick-torch), which of-
fers a PyTorch Dataset tailored for copick and sample code for visualizing sampling patterns within
tomograms. Together, these tools allow us to create unified resources that simplify participation
in cryoET particle picking competitions, helping researchers and developers focus on advancing
particle picking techniques.

Figure 2: The software ecosystem that is used in resources for our cryoET ML Challenge.

Copick enables accessing, manipulating, and storing multimodal cryoET data—tomograms,
collections of particle picks, segmentation masks, and feature sets. Copick provides a storage-
agnostic API that interfaces seamlessly with various data sources, including local, remote, and
cloud-based platforms, such as the CZ CryoET Data Portal. The API is also used in other tools
that are discussed in this paper, which makes it easier for our competition resources to enable easy
reuse of competitors machine learning tools and pipelines across different data sources. We suggest
that it is critical for competitors in cryoET particle picking competitions to be able to readily adapt
and extend their datasets. An example copick project structure can be seen in the right-side panel of

Fig.3]

Visualizing data from a copick project can facilitate model debugging. A key step in model
development and evaluation for image-based ML models is visualization. In our example notebooks
we provide multiple methods for visualization of copick data: Matplotlib and napari. Furthermore,
other more specialized tools like ArtiaX [[11]] can be leveraged for achieving a more holistic visual-
ization from a biological perspective (e.g. visualization of particle structures in context).


https://github.com/copick/copick
https://github.com/copick/copick-utils
https://github.com/copick/copick-torch
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