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Abstract

Over the past decade, cryo-electron microscopy (Cryo-
EM) has emerged as an important technique in
structural biology, dramatically expanding our capacity
to visualize biological macromolecules at near-atomic
resolution. This advancement has been particularly
impactful in biomedical research, enabling scientists to
determine the detailed structures of critical targets
such as the HIV vaccine research and SARS-CoV-2 spike
protein. Insights obtained from Cryo-EM have directly
accelerated vaccine and therapeutic development,
demonstrating its potential to transform our approach
to tackling infectious diseases, many of which
disproportionately burden the Global South. Despite
these advances, researchers in resource-constrained
settings, particularly in Sub-Saharan Africa and other
Global South locations, face significant barriers in
accessing Cryo-EM infrastructure due to the high cost,
sophisticated instrumentation, and specialized
technical expertise required.

To address these access and infrastructure constraints,
we extend FABRIC to South Africa, introducing a
transcontinental testbed that brings advanced
networking capabilities closer to under-resourced
regions while exposing the practical limits of latency,
data movement, and distributed coordination at
intercontinental scale. We then apply FABRIC Loom Al to
explore network-embedded single-particle (SPA) Cryo-
EM processing through selective in-network placement
of Cryo-EM data preprocessing stages, reducing reliance
on centralized facilities and enabling more accessible,
distributed analysis workflows.

Goals

For SC26, the Cryo-EM collaboration will report on
advances in distributed workflow development
leveraging applications deployed across international
research networks, including AmLight's 100G
infrastructure, SANReN, and newly deployed FABRIC
nodes in South Africa, establishing a transcontinental
testbed that enables evaluation of distributed
applications under intercontinental Ilatency, data
movement, and coordination constraints. This NRE
builds on collaborative work conducted for SC25. The

primary objective this time is to extend prior proof-of-
concept efforts toward distributed Cryo-EM data
sampling, processing, and analysis over end-to-end
Data Transfer Nodes (DTNs), while sustaining high-
performance network utilization in service of
geographically distributed and resource-constrained
research environments.

Specifically, this work seeks to move beyond prior
benchmarks, including sustained 100G throughput
demonstrated by the SANReN team during SC25 “flood-
the-pipe” experiments, by applying these capabilities to
a scientifically meaningful, data-intensive Cryo-EM use
case that directly addresses barriers to access and
infrastructure. In parallel, the experiment will evaluate
FABRIC Loom Al as a framework for orchestrating
distributed workflows and enabling selective placement
of Cryo-EM preprocessing stages across geographically
disparate sites, including new deployments in South
Africa.

The anticipated results will demonstrate the integration
of programmable network infrastructure and
coordinated orchestration across the AmLight-ExP
100G link over the SACS submarine cable system,
validating a transcontinental testbed for distributed,
data-intensive applications under real-world
intercontinental constraints. This work advances
toward network-embedded SPA workflows by enabling
selective placement of pre-processing stages across
distributed resources. The experiment further
highlights the role of South Africa’'s NREN within the
broader ecosystem of international research and
education netwaorks participating in the Global Netwaork
Advancement Group (GNA-G), supporting next-
generation, data-intensive science at intercontinental
scale.

Impacts

This project demonstrates how  advanced,
programmable networking can support distributed SPA
workflows across geographically separated and
resource-constrained environments, enabling global
collaboration in biomedical research. By leveraging



FABRIC, AmLight, and interconnected high-capacity
networks including Internet2, ESnet, Florida
LambdaRail, and SANReN, along with submarine and
terrestrial 100G links, the project supports distributed
SPA workflows, allowing researchers in Africa to
transfer and analyze datasets at scales that were
previously inaccessible.

This next phase extends this proof of concept by
introducing FABRIC Loom to explore the placement of
selected SPA preprocessing steps (beam-induced
motion correction and Contrast Transfer Function - CTF
- estimation) within the network, alongside continued
workflow execution on connected cyberinfrastructure
such as the National Research Platform. While specific
processing components remain under active
collaboration with domain experts, this direction aims
to reduce data movement, improve end-to-end
efficiency, and enable adaptive orchestration of
distributed resources. These efforts advance toward a
sustainable, globally distributed framework that
expands access to advanced imaging and supports
inclusive, data-intensive scientific discovery.

Resources

This NRE demonstration will be conducted using
resources from the collaborating domains, as listed in
the Involved Parties section. Resources will invaolve
SACS/WACS/AmLight 100G link. For integration of
FABRIC resources at Ciena Booth 5035, one single-mode
dark fiber pair with duplex fiber drops (LC connectors) from
the SCinet NOC to Booth 5035. Ciena is providing a pedestal
with a screen and network to display our presentation at
Ciena’s SC booth.
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