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INTRODUCTION

Advances in cryo-electron microscopy (cryo-EM) are ushering in a new era of drug exploration, drug development, 
and treatments for diseases and other medical conditions. Like most recent technological advances, data—and the 
analysis thereof—is at the heart of the promise of cryo-EM. 

While cryo-EM microscopes generate the data necessary to get accurate models of protein structures, that 
massive amount of data can quickly overwhelm storage and compute systems in the cryo-EM pipeline, resulting in 
slowdowns or even breakdowns in the workflow. 

It doesn’t have to be this way. 

This white paper describes data processing and analysis challenges that commonly occur with cryo-EM and 
introduces how high-performance computing (HPC) can help you transcend them. 

The reality is that the computing and storage resources needed to support cryo-EM are as mission critical as the 
microscopes themselves. Without the proper infrastructure provided by your lab or IT organization, data backlog 
inevitably occurs, severely limiting the speed of your research and your ability to secure project funding.

GETTING FROM DATA TO DISCOVERY 

Cryo-EM can provide a near-atomic level view of molecular structures. High-performance computing helps 
scientists reach discovery faster.
Cryo-electron microscopy combines a new way to flash-freeze biological samples with low-power electron microscopy, 
along with increased camera resolution, to create 3D models of the structure of biological molecules—without the 
need for crystallization or coherent X-ray sources.

Recent advances in direct electron detector devices (DDDs) and software algorithms allow images to be 
recorded and structures to be determined at near-atomic resolution, with the least possible distortion and the 
fewest possible artifacts. 

Single-particle analysis (SPA) is the primary cryo-EM approach for molecular structure determination. In SPA, 
iterative mathematical 3D reconstruction processes are applied to large numbers of 2D particle images to produce 
quality 3D models. 

First, initial images are captured, then the data files are processed and analyzed to generate 3D models of a 
molecule. The workflow is data intensive, involving the computational averaging of thousands of images of identical 
particles. Each cryo-EM microscope typically produces up to 10 TB of data daily. 

If this massive amount of data isn’t planned for when setting up your workflow, bottlenecks will occur that can prove 
detrimental: they get in the way of your science and can rob your organization of the benefits of the substantial 
investment in cryo-EM. As a result, having the right computational infrastructure is essential to facilitating an overall 
increase in microscope utilization and faster time to insight. 

You say potato…

The word model means something different to structural biologists and data scientists.

• In cryo-EM, a model is a 3D visual representation of a molecule—like a globe is a model of the earth. 

• In data science, a model is an abstract representation of how data elements are connected to one another, 
and how they’re processed and stored inside a system. It’s the general computer-science definition of model. 

We’ve tried to make it clear which meaning we’re using at any time but be advised of the variance.
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CRYO-EM AND HIGH-PERFORMANCE COMPUTING

How to streamline the cryo-EM workflow with HPC
All the data from your cryo-EM microscope isn’t worth much if you can’t process and analyze it and can’t keep 
up with the ever-increasing churn of new data. But with the right compute and storage power, you can avoid the 
slowdowns typically encountered in cryo-EM and bring your discoveries to light faster. 

HPC can make all the difference as to whether your workflow accelerates or stalls out. While HPC is often considered 
the domain of scientific labs and government agencies, it’s becoming commonplace in forward-thinking enterprises 
who are adopting it to enable AI and ML applications that help the organization harness and analyze vast troves of 
data, including the rapidly growing domain of image data.

HPC and GPU-accelerated computing plays a critical role in improving cryo-EM time to structure and discovery. 
Graphics processing units (GPUs) have become a critical enabler of today’s cryo-EM, and GPU-accelerated systems can 
aid in designing more sophisticated cryo-EM workflow applications. Compared to CPU-only systems, GPU-accelerated 
computing is proven to deliver greater performance, better energy efficiency, higher accuracy, and up to 3–8X faster 
time-to-compute for even the most demanding workloads. An HPC solution designed effectively for your organization 
and projects can scale to process any amount of data and can be deployed in the cloud or on-premises.

Image acquisition Image classification Structure modeling
Image refinement/

sharpening
Preprocessing/

motion correction

Task
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• Image sharpening

Task
• Final structures

Task
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• Data collection

* GPU tasks

FIGURE 1. Cryo-EM workflow—CPU/GPU tasks

The Figure 1 shows the various steps in the cryo-EM pipeline from data acquisition to final 3D structure that we’ve 
used to build our configuration blueprints for accelerating that workflow and making it more cost-effective. Each 
cryo-EM workflow will differ slightly from this based on the combination of software packages your researchers 
prefer to use. 
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The infrastructure that any organization needs will vary based on the size and type of an institution, the number of 
researchers and projects supported, resources and funding available, the institution’s unique research mission and 
the servers and storage already in place. Given the diversity of the cryo-EM community, the following outlines an 
approach to addressing three common operational scenarios.

• Scalable cluster for preprocessing supports tasks after data collection up to particle sorting. Organizations 
focusing on preprocessing often support many users (inside and outside of the organization) and have multiple 
microscopes but may not have the capacity to support data analysis after preprocessing. 

• Dedicated cluster for image analysis part of the workflow, where images created by 2D classification transform to 
the complete 3D model of structures. Organizations supporting researchers that do not own their own microscopes 
and have preprocessed data from a shared facility will be interested in this configuration blueprint.

• Flexible cluster for mixed life sciences workloads addresses the entire cryo-EM workflow from data collection 
to complete 3D model but it is also designed to support a heterogeneous workload. Organizations requiring a 
cryo-EM end-to-end arrangement typically support other data-intensive lab instruments, high-performance data 
analytics (HPDA) workloads, or machine learning and deep learning projects. 

SOLVING CRYO-EM DATA CHALLENGES

Challenge 1: Huge volumes of data 
HPC makes short work of managing large volumes of data 
Cryo-EM microscopes generate an enormous amount of data every day and the volume of data will only grow as 
your organization strives to maximize its investment and you strive to improve time to discovery. Cryo-EM images 
are captured at extremely high resolution with file sizes growing as detectors continue to improve. 

All this data needs to be transferred, processed, stored, and analyzed. When the infrastructure can’t support the 
volume of data generated, the data is stored until it can be analyzed. Slower network speeds may create computation 
bottlenecks. Large data sets can also create issues with consumer-grade GPUs since the data set must fit within the 
GPU memory to fully take advantage of the acceleration. GPU memory is still limited when compared to the large 
amounts available to CPUs that can be installed in a single device. These bottlenecks impact being first to discovery 
and getting future projects funded.
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HPC can resolve this challenge with integrated and scalable compute and storage solutions that can grow with 
your needs.

By the numbers

Cryo-EM is exceedingly data-intensive. On average:

• Individual images are 8K x 8K to 12K x 10K pixels each.

• Finished models of 3D molecular structures are the result of the analysis of many thousands of 2D movies 
taken by cryo-EM microscopes. Movie sizes typically range from 2 GB to 14 GB each, with 600 to 1500 
movies generated per day. 

• Each microscope can generate up to 10 TB of movies per day.

Challenge 2: Not enough compute power 
The right HPC solution delivers consistent, uninterrupted performance 
The industry goal for cryo-EM is an automated workflow—from movie analysis to final 3D model—that runs several 
times per day and doesn’t require much human intervention. This goal is difficult to achieve without the proper 
infrastructure due to the intensive compute required for structure determination using 3D reconstruction software 
such as RELION and cryoSPARC. 

Cryo-EM microscopes are expensive; from $7 to $10 million each. So, it makes sense to run those microscopes as 
much as possible. But therein lies another challenge. Heavy utilization can create all kinds of system hiccups due 
to reduced overall system reliability, upgrade suitability, and tedious system manageability. Those hiccups result in 
another endless cycle of waiting—for some organizations, the image backlog is as much as two years, significantly 
reducing ROI and worse, a project’s time to discovery. When visibility and time to market matter, a two-year delay is 
unacceptable. 

Your cryo-EM microscope needs to be supported by a technology infrastructure that takes into account the 
interrelations of all the system components. We believe an HPC solution is best positioned to provide the timely 
access to data and full support for the cryo-EM workflow.
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WHY HPE HPC FOR CRYO-EM? 

Reliable performance at scale for cryo-EM workflows today and tomorrow
Hewlett Packard Enterprise offers powerful, tightly integrated high-performance systems 
designed specifically to manage and analyze the massive amounts of data generated to 
solve macromolecular structures at near-atomic resolution faster than your existing IT 
infrastructure allows. 

HPE designs systems to advance research and discovery. We are an infrastructure solutions 
company with the unique ability to map technology to the mission, not the mission to 
the technology. By understanding the unique challenges created by cryo-EM workflows, 
HPE’s optimized cryo-EM solutions address cryo-EM’s performance, complexity, and scale 
requirements to enable research discoveries—faster.

Our cryo-EM configuration blueprints are designed specifically for preprocessing, image 
analysis, and broader AI for Life Sciences applications and leverage our high-performance 
computing and storage expertise, technologies, and best practices to give you a jump-start. 
They feature the latest HPE Apollo series systems, and Cray ClusterStor E1000 HPC storage 
to make it easy to deploy workflow-oriented configurations to meet the needs of demanding 
user communities. 

HPE has the expertise to guide you through the decision-making process, backed by 
best-in-class technical support and workload and utilization consultation.
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