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Welcome to the 2026 Advances in Genome Biology and
Technology General Meeting.

We are delighted to welcome you to Orlando for the 2026 AGBT General Meeting and to continue AGBT’s
longstanding role in advancing collaboration, innovation, and progress across the genomics community.

Over the coming days, the meeting will highlight breakthroughs in DNA seguencing technologies, emerging
experimental and analytical approaches, and their applications across research, medicine, and industry. The
General Meeting remains a distinctive forum for sharing early insights, fostering interdisciplinary exchange,
and accelerating discovery, bringing together scientists, technologists, and leaders from around the world.

As part of its broader mission, AGBT convenes three high-impact meetings and networking events each
year that span genomic technology, agriculture, and precision health. We invite you to join us at our
upcoming meetings:

AGBT Agriculture AGBT Precision Health
April 12-15, 2026 September 14-16, 2026
Phoenix, Arizona San Diego, California

Registration now open

Thank you for being part of the AGBT community and for contributing to the shared pursuit of discovery
and excellence. We hope you find this year’s General Meeting both inspiring and impactful.

AGBT is dedicated to advancing research, promoting education, and expanding commerce in genome
science and technology.

Wendy Vlieks
President, AGBT

2026 AGBT General Meeting
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Organizing Committee

We thank Co-Chairs Eric Green, Len Pennacchio, Beth Shapiro, and the Scientific
Organizing Committee for dedicating countless hours to shaping a rigorous,
engaging AGBT 2026 General Meeting.

Federica Di Palma
University of British Columbia

Kim Doheny
Johns Hopkins University

Stacey Gabriel
Broad Institute of MIT and Harvard

Eric Green
Former Director, National Human Genome Research Institute (NHGRI)

Elinor Karlsson
UMass Chan Medical School

John McPherson
University of California, Davis

Stephen Montgomery
Stanford University

Len Pennacchio
Lawrence Berkeley National Laboratory, Joint Genome Institute

Michael Schatz
Johns Hopkins University

Beth Shapiro
University of California, Santa Cruz

Emma Teeling
University College Dublin

Michael Zody
New York Genome Center
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General Information

Hospitality Desk Hours

e Sunday, Feb. 22: Noon-8 p.m.

* Monday, Feb. 23: 8 a.m.-8 p.m.

e Tuesday, Feb. 24: 7:30 a.m.-9:30 p.m.
« Wednesday, Feb. 25: 7:30 a.m.-8 p.m.
e Thursday, Feb. 26: 7:30 a.m.-6 p.m.

Name Badges

Badges are required for conference security and networking. All attendees must:
« Wear badges at all times, visible on the provided lanyard, with names facing outward.
e Keep badges with you throughout the meeting.
* Present badges for entry to all conference entrances and events.

Important: Badges are nontransferable. Proper badge display helps ensure attendee safety and facilitates
meaningful connections.

If you forget your badge, you will be asked to return to your hotel room to retrieve it.

Transportation

Airport Shuttle Service

AGBT is pleased to offer complimentary shuttle service between Orlando International Airport (MCO) and
the Signia by Hilton Orlando Bonnet Creek / Waldorf Astoria Orlando (21 miles; approximately 30 minutes).

Shuttle service is available only to registered attendees. Unfortunately, we cannot accommodate additional
family members.

Arrival Shuttles (every 30 minutes)
Pick-up location: Baggage claim area
e Sunday, Feb. 22:1-8 p.m.
¢ Monday, Feb. 23: 7 a.m.-4 p.m.

Departure Shuttles (every 30 minutes)

Pick-up locations: Signia by Hilton Group Transportation entrance; Waldorf Astoria main entrance
Friday, Feb. 27: 4 a.m.-2 p.m.

2026 AGBT General Meeting



General Information

Arrival Instructions

After landing at MCO, take the monorail to the main terminal and proceed to baggage claim for your airline
(Terminal A or B), even if you did not check bags. E2 staff wearing lime green polo shirts will meet you at the
bottom of the escalator and escort you to the shuttle.

If you arrive in Terminal C, go to the baggage claim carousel and look for AGBT signage.

For assistance onsite, call or text Kristi Mazon (407) 632-8246 or Christina Geraghty (407) 912-5116.

Alternative Transportation Options
e Taxi: Approximately $50-85 each way
» Rideshare (Uber/Lyft): Approximately $35-70 each way
¢ Rental car: Available from multiple agencies at the airport

¢ Orlando International Airport: Ground Transfers

Social Events

¢ Welcome Reception: Monday, Feb. 23, 7-10 p.m., Promenade and Signature Island
¢ Women’s Networking Event: Tuesday, Feb. 24, 5:30-7:30 p.m., Waterside Lanai

e Sponsor’s Social: Tuesday, Feb. 24, 9:45 p.m., Sponsor Promenade, Signia Executive Suites and
Presidential Suites

 AGBT Dinner: Wednesday, Feb. 25, 6:10-7:25 p.m., Waterside Ballroom
¢ Farewell Dinner: Thursday, Feb. 26, 6-11 p.m., 19th Green

Conference Technology

Official AGBT Mobile App

The AGBT mobile app includes the agenda, speaker details, maps, abstracts and other essential resources.

Social Media Engagement
Share your experience throughout the meeting:
¢ Primary Conference Hashtag: #AGBTGM26

Tech Support
e AGBT Hospitality Desk: Bonnet Creek North Foyer
* Wi-Fi Network: AGBTGM26
* Wi-Fi Password: AGBTGM26

2026 AGBT General Meeting 8


https://flymco.com/ground-transportation/

BRUKER
SPATIAL
BIOLOGY

Best-in-class solutions
for every layer of biology

LEARN MORE!



Sunday, February 22

12:00 p.m. - 8:00 p.m.

1:00 p.m. - 8:00 p.m.

Monday, February 23

7:00 a.m. - 4:00 p m.
8:00 a.m. - 8:00 p.m.

Scientific Program

5.:00 p.m. - 5:15 p.m.

Plenary Session:

515 p.m. - 5:45 p.m.

5:45 p.m. - 6:15 p.m.
6:15 p.m. - 6:45 p.m.

7:00 p.m. -10:00 p.m.

2026 AGBT General Meeting

Meeting Registration / Hospitality Desk
Bonnet Creek North Foyer

Transfers from Orlando International Airport (MCO)

Transfers from Orlando International Airport (MCO)

Meeting Registration / Hospitality Desk
Bonnet Creek North Foyer

Opening Remarks
Len Pennacchio, Meeting Co-Chair, Lawrence Berkeley National Laboratory,
The Genome Partnership Board Member

AGBT Distinguished Service Award Presentation
Nathan Lakey, Orion Genomics, The Genome Partnership Board Member
Leisa Zigman, President Emerita and Board Member, The Genome Partnership

Recipient:
Eric Green, Former Director, National Human Genome Research Institute;
llumina

Genomics (Len Pennacchio, Meeting Co-Chair, Lawrence Berkeley National
Laboratory)
Floridian Ballroom

William Pao, Revelio Therapeutics, Inc.
“Decoding nature: how curiosity-driven research leads to breakthrough
medicines”

Scott Edwards, Harvard University
“Finding the genes behind flightlessness in birds”

Emma Teeling, University College Dublin
“Bats: New models of extended healthspan and disease resistance”

Welcome Dinner - Moonlight on the Creek
Sponsored by Twist Bioscience
Promenade and Signature Island
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Tuesday, February 24

7:30 a.m. - 9:00 a.m.

7:30 a.m. - 9:30 p.m.

Plenary Session:

9:00 a.m. - 9:30 a.m.

9:30 a.m. - 10:00 a.m.

10:00 a.m. - 10:30 a.m.

10:30 a.m. - 11:00 a.m.

11:00 a.m. - 11:30 a.m.

11:30 a.m. - 11:50 a.m.
12:00 p.m. - 1:30 p.m.

12:00 p.m. - 1:30 p.m.

1:30 p.m. - 3:30 p.m.

Plenary Session:

3:30 p.m. - 4:00 p.m.

2026 AGBT General Meeting

Breakfast Sponsored by Ellis Bio
Waterside Lanai and Patio

Meeting Registration / Hospitality Desk
Bonnet Creek North Foyer

Al in Genomics (Mike Schatz, Johns Hopkins University, Session Chair)
Floridian Ballroom

Barbara Engelhardt, Stanford University
“Machine learning methods for live-cell imaging data to design
immunotherapies”

Jack Gilbert, University of California, San Diego
“The human microbiome in precision medicine”

Coffee Break Sponsored by Novogene
Sponsor Promenade

Marylyn Ritchie, Medical University of South Carolina
"Al-powered translational bioinformatics: integrating health records and
multiomics”

Hilary Finucane, Harvard Medical School, Broad Institute of MIT and Harvard
“Using predicted protein structures to interpret disease genetics”

Poster Flash Talks | (2 minutes each)

Gold Sponsor - lllumina - Workshop and Lunch

Jacob Thaysen, PhD, CEO, Steve Barnard, PhD, Chief Technology Officer, Head
of Research & Product Development, and Cande Rogert, PhD, VP, Global Head
of Advanced Sciences

“lllumina insight ecosystem: the path from innovation to impact”

Bonnet Creek Ballroom VII-XII

AGBT Lunch
Waterside Boulevard

Poster Session with Coffee and Dessert
Bonnet Creek Ballroom |-VI

Biology (Beth Shapiro, University of California, Santa Cruz; Meeting Co-Chair
and Session Chair)
Floridian Ballroom

Tom Gilbert, The Globe Institute, University of Copenhagen; NTNU
University Museum
“Domestication hologenomics - how did our ancestors tame the wolf?”
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Tuesday, February 24

4:00 p.m. - 4:30 p.m.

4:30 p.m. - 5:00 p.m.

5.00 p.m. - 5:20 p.m.

5:30 p.m. - 7:30 p.m.
5:30 p.m. - 7:30 p.m.

Concurrent Session:

7:30 p.m. - 9:45 p.m.

7:30 p.m. - 7:45 p.m.

7:45 p.m. - 8:00 p.m.

8:00 p.m. - 8:15 p.m.

8:15 p.m. - 8:30 p.m.

8:30 p.m. - 8:45 p.m.

8:45 p.m. - 9:00 p.m.

9:00 p.m. - 9:15 p.m.

2026 AGBT General Meeting

Hernan Morales, University of Copenhagen
“Irreversible loss? The genomic legacy of population collapse and the
challenge of genetic diversity restoration”

Adam Phillippy, Center for Genomics and Data Science Research, National
Human Genome Research Institute, National Institutes of Health
“Complete, telomere-to-telomere genomes as a foundation for predictive
genomics”

Kiran Garimella, Broad Institute of MIT and Harvard (Abstract-Selected Talk)
“Scaling long-read genomics for population health: 14,000 diverse genomes
from the All of Us Research Program”

Dinner on Your Own

Women’s Networking Event
Waterside Lanai

Abstract Selected Talks

Cancer (Federica Di-Palma, Genome British Columbia, Session Chair)
Floridian Ballroom

Hanlee Ji, Stanford University
“Determining the function for cancer mutation of unknown significance with
single-cell, genome-engineering screens”

Nicholas Navin, MD Anderson Cancer Center
“Reprogramming of the stromal and immune microenvironment in preinvasive
breast cancer”

Courtney Hall, Johns Hopkins University
“Resolving tumor heterogeneity with targeted single-cell nanopore
sequencing”

Jiwoon Park, Weill Cornell Medicine
“SPOT-Met: learning metastatic tropism from 1,000 spatially profiled
colorectal tumors”

Peter Park, Harvard University Medical School
“Seeing where GRCh38/CHM13 miss: personalized diploid references uncover
hidden somatic structural variation in cancer”

Rendong Yang, Northwestern University
“3'UTR exitron splicing reshapes the post-transcriptional regulatory landscape
in cancer”

Mark Cowley, Children’s Cancer Institute
“Advancing precision diagnosis in high-risk paediatric oncology through
integrated whole-genome, RNA and methylome analysis”
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Tuesday, February 24

9:15 p.m. - 9:30 p.m.

9:30 p.m. - 9:45 p.m.

Concurrent Session:

7:30 p.m. - 9:45 p.m.

7:30 p.m. - 7:45 p.m.

7:45 p.m. - 8:00 p.m.

8:00 p.m. - 8:15 p.m.

8:15 p.m. - 8:30 p.m.

8:30 p.m. - 8:45 p.m.

8:45 p.m. - 9:00 p.m.

9:00 p.m. - 915 p.m.

9:15 p.m. - 9:30 p.m.

9:30 p.m. - 9:45 p.m.

Starting at 9:45 p.m.

2026 AGBT General Meeting

Arutha Kulasinghe, Frazer Institute, University of Queensland
“Spatial single-cell resolved multiomic profiling of the lung cancer tumour
microenvironment, one-cell, one-niche and one-neighbourhood at a time”

Jude Dunne, Bruker Spatial Biology
“In-situ 3D spatial single-cell profiling of genome architecture in Estrogen
receptor-positive (ER+) breast cancer”

Abstract Selected Talks

Computational Biology (Mike Zody, New York Genome Center, Session Chair)

Bonnet Creek Ballroom VII-XII

Can Cenik, University of Texas

“Predicting the translation efficiency of messenger RNA in mammalian cells”

Lulu Shang, MD Anderson Cancer Center
“Statistical Identification of cell type-environment interaction-driven gene
expression in spatial transcriptomics”

Yasin Uzun, Pennsylvania State University
“A benchmarking framework for single-cell multi-omics-based gene
regulatory network inference”

Linghua Wang, University of Texas
“Al-enabled framework for tertiary lymphoid structure detection,
phenotyping, and patient stratification”

Hao Feng, University of Texas Health Science Center at Houston
“Mist: a hierarchical Bayesian framework for detecting differential DNA
methylation dynamics in single-cell data”

Hyun Min Kang, University of Michigan
“CartoScope: a harmonized, molecular-resolution web platform for spatial
omics visualization, analysis, and sharing”

Dawei Li, Texas Tech University
“From integration to prediction: computational tools for virome and
transposable element analysis”

loannis Mouratidis, University of Texas
“Fundamental limitations of large language models for genomic sequence
generation”

Nicolas Fernandez, Broad Institute of MIT and Harvard

“Celldega: toolkit for analysis and visualization of spatial and single-cell data”

Sponsor Social
Sponsor Promenade, Signia Suites



Wednesday, February 25

7:30 a.m. - 9:00 a.m.

7:30 a.m. - 8:00 p.m.

Plenary Session:

9:00 a.m. - 9:30 a.m.

9:30 a.m. - 10:00 a.m.

10:00 a.m. - 10:30 a.m.

10:30 a.m. - 11:00 a.m.

11:00 a.m. - 11:20 a.m.

11:20 a.m. - 11:50 a.m.

12:.00 p.m. - 2:15 p.m.

12:05 p.m. - 1:05 p.m.

110 p.m. - 2:10 p.m.

2026 AGBT General Meeting

Breakfast sponsored by Volta Labs
Waterside Lanai and Patio

Meeting Registration / Hospitality Desk
Bonnet Creek North Foyer

Genetics (Federica Di-Palma, Genome British Columbia, Session Chair)
Floridian Ballroom

Elaine Mardis, The Steve and Cindy Rasmussen Institute for Genomic
Medicine
“Precision pediatric medicine: a game-changer”

Megan Dennis, University of California, Davis
“Querying complex genomic regions important in human disease & evolution

”

Coffee Break Sponsored by BD Biosciences
Sponsor Promenade

Kathryn Paige Harden, University of Texas
“Disease or moral failing? Rethinking what psychiatric genetics leaves out—
and why”

Chandrima Bhattacharya, Weill Cornell Medicine (Late-Breaking Abstract
Selected Talk)
“A global multi-omics atlas of microbial biosynthetic gene clusters”

Next Gen Leadership Awards (Elinor Karlsson, University of Massachusetts
Medical School; Beth Shapiro, University of California, Santa Cruz, Meeting
Co-Chair)

Floridian Ballroom

Silver Sponsor Workshops and Lunch
Bonnet Creek Ballroom VII-XI|

Silver 1 Sponsor - Ultima Genomics - Workshop and Lunch

Silver 2 Sponsor - Bruker Spatial Biology - Workshop and Lunch

Mark R. Munch, PhD, President of Bruker Nano Group, Jude Dunne, PhD, Vice
President, New Product Development, Assays and Assay Systems, Bruker
Spatial Genomics, Joseph Beechem, PhD, Chief Scientific Officer, Bruker
Spatial Biology, Oliver Braubach, PhD, Director of Research & Development,
Bruker Spatial Biology, Nigel Jamieson, PhD, Professor of Surgery, University
of Glasgow

“Expanding the frontiers of spatial biology: best-in-class solutions for every
layer of biology”
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Wednesday, February 25

12:00 p.m. - 2:10 p.m.

2:15 p.m. - 4:44 p.m.

2:20 p.m. - 2:40 p.m.

2:40 p.m. - 3:00 p.m.

3:00 p.m. - 3:20 p.m.

3:20 p.m. - 3:35 p.m.

3:35 p.m. - 3:.50 p.m.

3:50 p.m. - 4:.05 p.m.

4:05 p.m. - 4:20 p.m.

4:20 p.m. - 4:32 p.m.

2026 AGBT General Meeting

AGBT Lunch
Waterside Boulevard

Bronze Sponsor Workshops - (John McPherson, University of California,
Davis, Session Chair)
Floridian Ballroom

Bronze 1 Sponsor - New England Biolabs, Inc.

Bernard Lam, Ph.D, Associate Director, Translational Genomics Laboratory,
Ontario Institute for Cancer Research

“Cross-platform evaluation of whole methylome sequencing in research and
clinical specimens”

Bronze 2 Sponsor - Complete Genomics

Yuxuan Wang, MD, PhD, Assistant Professor of Oncology, Sidney Kimmel
Comprehensive Cancer Center, Johns Hopkins University School of Medicine
“Clinical Oncology Applications of Circulating Tumor DNA Sequencing”

Bronze 3 Sponsor - Integrated DNA Technologies, Inc.
Ajay Gannerkote, IDT President and Steven Henck, Chief Technology Officer
“Accelerating enhanced genomics solutions”

Bronze 4 Sponsor - Watchmaker Genomics
Travis Sanders, Senior Research Scientist
“From bottlenecks to breakthroughs: unlocking high-quality WGS at scale”

Bronze 5 Sponsor - Oxford Nanopore Technologies

Marilyn Li, Director of Cancer Genomic Diagnostics, Children’s Hospital of
Philadelphia and Lakmal Jayasinghe, Chief Scientific Officer, Oxford Nanopore
Technologies

“A new era of biological discovery”

Bronze 6 Sponsor - 10x Genomics
Jason Kim, Senior Manager, Science & Technology
“Building impactful Al models for real-world results”

Bronze 7 Sponsor - Element Biosciences

Abbey Cutchin, Director Product Management and Rahul Lodhavia, Sr.
Product Manager

"Relentless innovation where it counts: from high-throughput genomics to
direct tissue sequencing”

Bronze 8 Sponsor - BD Biosciences

Aruna Ayer, PhD, VP, Multiomics, Innovation & Scientific Affairs and Luciano
Martelotto, PhD, Director of Global Market Development, Single Cell
“High-confidence multiomics: unlocking deeper biological insights with BD
Rhapsody”

15



Wednesday, February 25

4:32 p.m. - 4:44 p.m.

4:45 p.m. - 6:10 p.m.

6:10 p.m. - 7:25 p.m.

Concurrent Session:

7:30 p.m. - 9:45 p.m.

7:30 p.m. - 7:45 p.m.

7:45 p.m. - 8:00 p.m.

8:00 p.m. - 8:15 p.m.

8:15 p.m. - 8:30 p.m.

8:30 p.m. - 8:45 p.m.

8:45 p.m. - 9:00 p.m.

9:00 p.m. - 9115 p.m.

9:15 p.m. - 9:30 p.m.

9:30 p.m. - 9:45 p.m.

2026 AGBT General Meeting

Bronze 9 Sponsor - Codetta Bio

William Henley, Co-Founder, Vice President of Research & Innovation
“Redefining multi-omics with integrated protein and nucleic acid analysis in
one harmonized workflow on Codetta Bio’s Concerto system”

Poster Session and Wine & Cheese Reception Sponsored by Roche
Bonnet Creek Ballroom I-VI

AGBT Dinner
Waterside Ballroom

Abstract Selected Talks

Technology (Stacey Gabriel, Broad Institute of MIT and Harvard, Session
Chair)
Floridian Ballroom

Joshua Weinstein, University of Chicago
“Volumetric DNA microscopy: spatial transcriptomics in intact tissue”

Darren Segale, lllumina
“Spatial transcriptomic gene-expression profiles in breast cancer progression”

Rui Ye, MD Anderson Cancer Center
“Decoding genotypes and phenotypes during esophageal cancer progression
with single-cell multi-omics”

Wei-Yu Chi, Weill Cornell Medicine
“Single-cell mapping of regulatory DNA: protein interactions”

Kanishk Asthana, University of California, San Diego
“ChronoSeq: minute-scale automated scRNA-seq for real-time profiling of
perturbations”

Gary Schroth, Cellanome
“Multi-modal platform for studying cell-cell interactions and dynamics of
neuron and glial cells with single-cell specificity”

John Doench, Broad Institute of MIT and Harvard
“High-resolution functional genomics: Integrating CRISPR perturbations and
single-cell RNA-Seq”

Chao Yan, New York Genome Center
“SPACE-Tag Enables Spatial Chromatin Profiling With CUT&Tag”

Yutaka Suzuki, University of Tokyo
“Sequence-based spatial analysis of cancers: Trial use of Roche SBX
sequencer for the VISIUM HD libraries”
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Wednesday, February 25

Concurrent Sessions:

7:30 p.m. - 9:45 p.m.

7:30 p.m. - 7:45 p.m.

7:45 p.m. - 8:00 p.m.

8:00 p.m. - 8:15 p.m.

8:15 p.m. - 8:30 p.m.

8:30 p.m. - 8:45 p.m.

8:45 p.m. - 9:00 p.m.

9:00 p.m. - 915 p.m.

915 p.m. - 9:30 p.m.

9:30 p.m. - 9:45 p.m.

2026 AGBT General Meeting

Abstract Selected Talks

Biology (Emma Teeling, University College Dublin, Session Chair)
Bonnet Creek Ballroom VII-XI|

Nigel Jamieson, University of Glasgow
“First application of true spatial multiomic integration on a single slide of
pancreatic cancer using high plex protein and whole transcriptome”

Christopher Mason, Weill Cornell Medicine
“Emlbryonic program reactivation during tumorigenesis discovered with Al-
driven subcellular mapping of the human body with SAHA data”

Miranda Orr, Washington University School of Medicine
“Subcellular spatial multiomics enables multimodal, multiscale 3D
reconstruction of neuropathology in the human Alzheimer’s hippocampus”

Billy Lau, Stanford University School of Medicine
“Joint single-molecule cfDNA and cfRNA nanopore sequencing enables
integrated multiomic cancer detection and monitoring”

Andrew Mungall, Canada’s Michael Smith Genome Sciences Centre
“Rapid long-read sequencing for genetic diagnosis in the NICU: Early results
from a multi-family cohort”

Mamoru Kato, National Cancer Center Japan
“Simulator of cancer-cell evolution for personalized drug administration in
cancer genome medicine”

Aparna Ganapathy, Strand Life Sciences Private Limited
“Whole exome sequencing in idiopathic female infertility identifies novel
candidate targets for non-hormonal contraceptive discovery”

Winston Timp, Johns Hopkins University
“Targeting Long-read RNA sequencing to resolve splicing and modifications’

Brenda Murdoch, University of Idaho
“Three-dimensional chromosome architecture in developing mammalian
tissues”

s
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Thursday, February 26

7:30 a.m. - 9:00 a.m.

7:30 a.m. - 6:00 p.m.

Plenary Session:

9:00 a.m. - 9:30 a.m.

9:30 a.m. - 10:00 a.m.

10:00 a.m. - 10:30 a.m.

10:30 a.m. - 11:00 a.m.

11:00 a.m. - 11:30 a.m.

11:30 a.m. - 12:00 p.m.
12:00 p.m. - 1:30 p.m.

1215 p.m. - 115 p.m.

Plenary Session:

2026 AGBT General Meeting

Breakfast Sponsored by Latch Bio
Waterside Lanai and Patio

Hospitality Desk
Bonnet Creek North Foyer

Evolutionary Genomics (Elinor Karlsson, University of Massachusetts Medical
School, Session Chair)
Floridian Ballroom

Katie Hinde, Arizona State University
“Celebrating the tree of life and the science of science engagement”

Chris Jiggins, University of Cambridge
“Genomes and the network of life”

Coffee Break Sponsored by Latch Bio
Sponsor Promenade

Dan Rokhsar, University of California, Berkeley
“You can see a lot just by looking: deeply conserved synteny and the
evolution of animals”

Tomas Marques-Bonet, University Pompeu Fabra
“Primate genomes as a model for biomedicine, evolution, and conservation”

Poster Flash Talks Il (2 min. each)

AGBT Lunch
Waterside Boulevard

Silver 3 Sponsor - Roche Sequencing Solutions, Inc. - Workshop and Lunch
Mitu Chaudhary, International Business Leader, Sequencing Systems, Roche
Diagnostics Solutions, Johanna Whitacre, Network Lead, Sequencing
Research & Development, Roche Diagnostics Solutions, Gustav Karlberg,
Lifecycle Leader, Sequencing Systems, Roche Diagnostics Solutions, and
Edwin Cuppen, Scientific Director, Hartwig Medical Foundation; Mark Kokoris,
Head of SBX Technology

“The Power of One" and “Cancer Whole Genome Sequencing”

Bonnet Creek Ballroom VII-XII

Technology (Stephen Montgomery, Stanford University, Session Chair)
Floridian Ballroom

18



Thursday, February 26

1:30 p.m. - 2:00 p.m.

2:00 p.m. - 2:30 p.m.

2:30 p.m. - 3:00 p.m.

3.00 p.m. - 3:20 p.m.

3:20 p.m. - 3:40 p.m.

3:40 p.m. - 4:00 p.m.

4:00 p.m. - 4:10 p.m.

6:00 p.m. - 11:00 p.m.

Friday, February 27

4:00 a.m. - 2:.00 p.m.

2026 AGBT General Meeting

Neville Sanjana, New York Genome Center
“Massively-parallel approaches to understand the human noncoding genome
and transcriptome”

Job Dekker, University of Massachusetts and Howard Hughes Medical
Institute
"Mitotic inheritance of chromosome folding programs”

Elinor Karlsson, Broad Institute of Harvard and MIT

Jon Bezney, Stanford University (Abstract-Selected Talk)
“CRISPR depletion of whole-blood RNA-seq for enhanced transcriptional
phenotyping of rare Mendelian disorders”

Yasuhiro Murakawa, Kyoto University (Late-Breaking Abstract Selected Talk)
“A new flow cell-based spatial transcriptomics technology for transcription
start site profiling at submicron resolution”

James Occean, Stanford University (Abstract-Selected Talk)
“Pan-cancer whole-genome profiling of DNA methylation in primary human
tumors”

Closing Comments
Beth Shapiro, University of California, Santa Cruz, Meeting Co-Chair
Len Pennacchio, Lawrence Berkeley National Labs, Meeting Co-Chair

Final Night Dinner - Cirque Soirée Sponsored by New England Biolabs, Inc.
19th Green

Transfers to Orlando International Airport (MCO)
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AS>ELIOS

A new
beginr

starts

Roche Sequencing Solutions welcomes
you to the world of AXELIOS 1, the
platform powered by SBX that heralds
anew era in genomics.

Explore the new “next” in NGS -
join us at the Jade Lexington Suite

The AXELIOS 1 sequencing platform and sequencing by expansion
(SBX) technology are in development and not commercially available.
The content of this material reflects current study results and/or
design goals. The' AXELIOS 1 sequencing platform based on SBX
technologywillbelaunched for Research Use Only. Not for use in
diagnostic procedures. AXELIOS is a trademark of Roche.




Cancer Omics

25

Medical &
Biology Omics
(Non-Cancer)

2026 AGBT General Meeting
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49
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The Peacock Mantis Shrimp (Odontodactylus
scyllarus) is very small but can unfurl its
appendages and become quite powerful.

Successfully see more small RNAs with the
NEBNext* Low-bias Small RNA Library Prep Kit

Bias in small RNA library prep can seriously impact the accuracy of your data, skewing the representation of rare RNA
species. The NEBNext Low-bias Small RNA Library Prep Kit minimizes biased representation of small RNAs, more
accurately reflecting the number and proportion of unique small RNAs present. NEB’s next-generation kit utilizes a
streamlined workflow for the capture of small RNAs (<120 nt) with a 5 phosphate and 3" hydroxyl group, and can
be used to identify microRNAs (miRNAs), transfer RNAs (tRNAs) and tRNA-derived fragments, small nucleolar RNAs
(snoRNAs), piwi-interacting RNAs (piRNAs), and plant miRNAs. Designed for the preparation of Illumina®-compatible
small RNA sequencing libraries, this latest NEBNext kit is kind of a big deal!

NEBNext Low-bias Small RNA Library Prep Kit produces libraries with the lowest bias.
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NEBNext Low-bias Small RNA libraries were made using a mix of 100 synthetic control miRNASs, including five that had 3 2"-O-methyl ends. Libraries were prepared
from 0.3 ng of the synthetic miRNA mix to compare library-generated bias between the NEBNext Low-bias Small RNA Library Prep Kit and small RNA kits from Revvity®
(NEXTFLEX Small RNA Sequencing Kit V4), Qiagen® (QIAseq® miRNA Library Kit) and Illumina (TruSeq® Small RNA Library Prep). Libraries were sequenced on an
Illumina NextSeq 500 (1 x 56 bases), and expected reads were calculated from total reads mapped to the synthetic controls, divided by the total number of control sequences
(black line at 100%). Percent of observed reads to expected reads was calculated for each control sequence and plotted across replicates.
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Molecular classification of cancers by Cancer Omics
transcriptome profiling of from FFPE
specimens
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The TOP2 hybrid capture-enrichment system was utilized to analyze 737 DNA-panel genes and 455 RNA-
panel genes (Kohsaka, 2019). In the JCCG-TOP2 study conducted between January 2022 and February 2023,
a total of 210 pediatric cancer cases were enrolled from 50 institutions nationwide in collaboration with the
Japan Children’s Cancer Group (Tao, in revision). Among the 205 evaluable samples, six failed to pass quality
control due to insufficient quantities of extracted DNA and RNA (n=1) or inadequate pre-capture RNA library
yield (n=5).

TOP2 analysis demonstrated significant benefits in clarifying the diagnosis of pediatric solid tumors. Of the
204 patients with successful genomic results, 147 (72%) had potentially actionable findings — including
diagnostic, prognostic, and therapeutic relevance in 111 (54%), 61 (30%), and 64 (31%) cases, respectively.
Oncogenic fusions were detected in 45 (23%) patients, while copy number alterations were identified in at
least one genomic region in 170 (83%) patients. Seventeen (8%) patients harbored germline pathogenic or
likely pathogenic variants in cancer-predisposing genes.

Additionally, we developed a deep learning-based approach using transcriptome data to determine the most
probable cancer type or subtype. The detailed results will be presented.
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Visium HD enabled transcriptomic profiling Cancer Omics
of visceral metastases of prostate cancer
reveals changes in tumor microenvironment
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Prostate cancer (PC) is the second leading cause of cancer-related death among men in the United States
and remains a major global health challenge. A subset of advanced, treatment-resistant PC undergoes
neuroendocrine differentiation (NEPC), which is frequently associated with visceral metastases and poor
clinical outcomes. These metastases arise from disseminated tumor cells that can remain dormant for
prolonged periods before reactivation. The mechanisms governing their survival and awakening in visceral
niches remain largely unknown.

To address this, we investigated metastatic growth in NEPC by focusing on AXL, a bonafide dormancy
marker. We modeled NEPC visceral metastases in an immunocompetent mouse system, using PTEN/TP53/
AXL-null genetics (strongly associated with NEPC development), providing a platform to investigate the
molecular and spatial cues that drive metastatic adaptation in aggressive PC. Our results show that AXL
loss triggers cellular proliferation and metastatic outgrowth, suggesting AXL'’s critical role in regulating the
switch from dormancy to proliferative lesions. Leveraging 10x Genomics’ Visium HD Spatial Gene Expression,
which utilizes a whole-transcriptome panel (probe-based RNA-templated chemistry), we resolved the tumor
microenvironment (TME) at metastatic sites at single-cell scale in a FFPE block of modeled NEPC visceral
metastasis. Visium HD XL slides allowed assessment of multiple metastatic sites and cell segmentation
allowed for defining cell types with spatiality in TME. We observed changes in innate (increased neutrophils
and macrophage infiltration) and adaptive (increased T regulatory cells) immune systems at metastatic
locations. Visium HD workflow, compatible with IF staining, allowed us to pinpoint cancer cells when

layered with transcriptomic data. Overall, we observed an immunosuppressive TME with altered stromal
signaling that promoted metastatic outgrowth. Integration of immunohistochemistry (vimentin, alpha-SMA,
trichrome staining) and multiphoton second harmonic collagen imaging on serial sections revealed distinct
extracellular matrix remodeling patterns, characterized by increased collagen deposition associated with
AXL loss. We are further probing lung metastasis samples derived from NEPC patients with Visium HD XL
to confirm AXL loss and TME changes observed. Utilizing Visium HD XL to define the molecular programs
underlying dormancy and metastatic reactivation is critical, as these insights may reveal broadly applicable
strategies to prevent disease progression across cancer types.
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Graph-Based Variant Discovery in African Cancer Omics
Breast Cancer Genomes Using the HPRC-T2T
Pangenome
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Predominantly used human reference genomes, including GRCh38 and even the gapless T2T-CHM13
assembly, remain limited in their representation of African genomic diversity. Recent analyses of the

African Pan-Genome (APG) revealed ~296 Mb of African ancestry-specific sequence absent from GRCh38,
underscoring that even the most complete linear references incompletely capture African variation. The
Human Pangenome Reference Consortium (HPRC) has since released a telomere-to-telomere, graph-based
reference that better represents global diversity, yet its impact on variant discovery in cancer genomes from
African patients remains largely untested.

To address this, we analyzed whole-genome sequencing data from six African breast cancer patients,
aligning reads to both the GRCh38 linear reference and the HPRC-T2T graph using the Variation Graph (VG)
Toolkit. We compared alignment quality, variant call sets, and callable bases across workflows to assess

the added value of graph-based representation. Preliminary analyses show that pangenome alignment
increases read mappability in previously unresolved and ancestry-enriched regions and reveals structural
and rare variants not captured by GRCh38-based pipelines. Many of these loci overlap immune and signaling
pathways consistent with prior APG functional enrichments, suggesting continuity between contig-level
discoveries and raw whole-genome evidence.

This study provides one of the first applications of the HPRC-T2T pangenome to African cancer genomes
and demonstrates how graph-based methods can uncover population-specific variation relevant to tumor
biology. Ongoing work integrates these variant calls with somatic mutation and transcriptomic profiles to
identify ancestry-linked molecular features of breast cancer. Together, our findings emphasize the necessity
of incorporating ancestry-enriched genomic sequences into future reference frameworks and highlight
graph-based genomics as a key step toward equitable precision oncology.

[1-3]

1. Martini, R, et al., Uncovering Functional Sequence Gaps in Human Reference Genomes using African Pan Genome
Contig Sequences. bioRxiv, 2025: p. 2025.08.15.670543.

2. Li, H.,, et al., Exome variant discrepancies due to reference-genome differences. Am J Hum Genet, 2021. 108(7): p.
1239-1250.

3. Siren, J, et al., Personalized pangenome references. Nat Methods, 2024. 21(11): p. 2017-2023.

2026 AGBT General Meeting 26



Whole-transcriptome multi-omic subcellular Cancer Omics
imaging in space AND time: bringing spatial
biology to life!
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GOAL:

Establish an experimental strategy to “connect” live-cell functional assays with high-plex spatial biology.
To achieve this capability, we have developed an experimental approach to bridge-the-gap between live-
cell functional assays using single-cell optofluidic Beacon DiscoveryTM technology combined with CosMx®
whole-transcriptome Imaging.

EXPERIMENTAL APPROACH:

From cancer excisional biopsies, directly measure live dissociated T-cells ability to kill primary tumor
cells (in Beacon Discovery) and perform scRNA-seq and TCR-seq on those T-cells that Kill, to establish a
unigue molecular identifier. From same biopsy material (adjacent section, FFPE), perform CosMx whole
transcriptome (with T-cell repertoire clonality capability) to spatially resolve the identical molecular
identifier, directly linking spatial-resolution with live-cell image-based functionality.

RESULT:

Head-and-neck cancer biopsy material (live cells) were dissociated and T-cell/Tumor-Cell combinations
moved into the ~ 22000 nano-pens (per chip) of the Beacon Discovery system. T-cell/Tumor-cell nano-pen
combos were then real-time imaged to determine which T-cell had tumor killing ability. Tumor-killing T-cells
were then moved out of the nano-pens and subjected to scRNA-seq and scT-cell repertoire sequencing,
generating a unique molecular “identifier”. These same biopsy materials were then whole transcriptome
imaged with TCR-specific VDJ-recombination probes on CosMx to resolve exactly “where-in-space” T-cells
with matching identifiers were located.

Starting with ~ 160,000 single-cells in the biopsy, we spatially resolved 6500 T-cells: 1375 T-regs, 1130
T-naive, 1009 T-memory, 1463 T-proliferative, and 1523 T-exhausted. We estimated 41 total cells to match the
Beacon live-cell molecular identifiers for a single tumor-killing T cell clonotype, of which 3 could be spatially
identified at over 90% confidence-level (TCR clonotype = TRAV8-6, TRAJ54, TRBJ1-1). These cells fit the
proliferative / non-exhausted immunophenotype expected based on matched single cell data. An additional
126 T-cells were also spatially mapped with high confidence across 7 different live-cell molecular identifiers
for terminal-exhausted clonotypes. These T cells corresponded to the “exhausted” and “proliferative”
immunophenotypes from scRNAseq.

As far as we are aware, this is the very first case where T-cell “space-and-time-and-function” have been
uniquely (and unambiguously) linked together. This experimental approach can be expanded to any study
where live-cell function and single-cell spatial resolution are important (e.g., CAR-T cells, NK-cells, Vaccine
development, stem-cell studies, etc).
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Scalable genotyping in fixed transcriptomes Cancer Omics
resolves clonal heterogeneity
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Somatic evolution drives cancer progression and therapy resistance through extensive clonal heterogeneity.
While bulk and single-cell sequencing have elucidated the genetic trajectories of tumor evolution,
connecting these mutations to their downstream transcriptional consequences remains a major challenge.
Existing methods, such as Genotyping of Transcriptomes (GoT), have begun bridging this gap by jointly
capturing genotypes and transcriptomes, but they remain constrained by poly(A)-capture bias, limited
multiplexing, low throughput, and incompatibility with fixed tissues, highlighting the need for scalable, multi-
target, and FFPE-compatible technologies.

Here, we present Genotyping in Fixed Transcriptomes (GIFT)-seq, a probe-based method that uses
gap-filling chemistry to enable highly accurate detection of hundreds of targeted genetic variants (up

to 10 nucleotides in length) concurrently with full-transcriptome single-cell profiling. GIFT-seq employs
customizable probe panels that can seamlessly extend commercial 10x Genomics Flex single-cell and single-
nuclei RNA-seq platforms, allowing flexible profiling of mutations across diverse biological contexts, from
hematopoiesis to tumorigenesis and metastasis.

After optimizing the probe design and demonstrating the high-throughput capability of GIFT-seq to
capture multiple targets simultaneously (detecting up to 364 targets in parallel within a single cell and up

to 588 targets in a single experiment or population), we applied the method to samples from patients with
myeloproliferative neoplasms (MPNs). Using GIFT-seq on CD34* PBMCs from 35 patients, we profiled 65
mutations in parallel, including JAK2 c1849G>T, enabling the simultaneous detection of dozens of mutations
and the reconstruction of clonal lineage trees (652,558 cells with single-cell transcriptome and at least one
target captured). Finally, we validated the method’s capabilities on FFPE glioblastoma samples, establishing
GIFT-seq as a powerful and versatile platform for linking genotype to phenotype and enabling clonal
tracking in both fresh and archival tissues.
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In situ single-cell spatial multiomic profiling Cancer Omics
of 3D genome organization in fresh frozen
colorectal carcinoma tissue in spatially
resolved tissue micro-environments
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The 3D organization of genome structure plays a critical role in regulating gene expression and cellular
function. In recent years, disruption in higher order chromatin structure and 3D spatial genome organization
has been extensively implicated in disease including various types of cancers. Structural aberrations
including copy number variations (CNVs), structural variations (SVs), and topological changes rewire the

3D genome allowing aberrant activation of oncogenes, repression of tumor suppressors and dysregulation
in gene expression. While methods like WGS and Hi-C offer bulk-level insights into genomic dysregulation,
they disrupt native tissue architecture, limiting the ability to analyze spatial relationships and organizational
features essential for understanding cellular context and heterogeneity. Since high degree of tumor cell
heterogeneity significantly contributes towards therapeutic resistance with negative impact on disease-free
survival of cancer patients, understanding the molecular mechanism behind high intratumoral heterogeneity
requires state-of-the-art single cell and spatial technologies that can provide deeper insight into early
detection and disease progression.

Here, we present a novel multiomic jebFISH™ protocol on the PaintScape™ platform that can be used

to characterize intratumoral heterogeneity of 3D chromatin architecture of fresh frozen normal human
colon tissue and colorectal cancer (CRC) samples in different tissue microenvironments at single cell, sub-
population and population level. Using the ChromoPaint™ PanChromo MPX Panel, which visualizes over
400 loci across all chromosomes, we show disruption in 3D folding of individual chromosomes such as re-
organization of chromosome territories, differential p-g arm interaction and inter-chromosomal proximity
at single cell and sub-population level. We characterize chromosomal instability, CNVs and SVs of different
colon cancer cell states at sub-chromosomal level in situ within the tissue. By combining the jebFISH
protocol with multiplexed immunofluorescence, we characterize 3D genome organization of cancer cell
sub-populations along with proteomic signatures in different tissue microenvironment e.g. immune rich vs
immune deficient regions within the same CRC tissue section.

We envision the PaintScape system will improve our understanding of the factors driving progression of
colon cancer disease and provide deeper insight into the underlying 3D genomic heterogeneity of single
cancer cells and sub-populations with unique spatial context within the tissue microenvironment.
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Streamlined dual-omic cfDNA analysis for Cancer Omics
pediatric renal cancer with BrightSeq
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For decades, the diagnostic, monitoring, and treatment landscape for rare pediatric cancers has seen
few transformative advances, due in part to challenges in powering genomic discovery. Pediatric tumors
also harbor distinct genomic and epigenetic features that require innovative sequencing approaches to
enable precision care and accelerate discovery. To address these challenges, we established BrightSeq,

a partnership among Boston Children’s Hospital, Dana-Farber Cancer Institute, and Broad Clinical Labs.
BrightSeq is developing a suite of novel clinical cell-free DNA (cfDNA) and tissue-based assays to profile
important events in pediatric cancers.

One priority focus is pediatric renal tumors, which comprise diverse histologies with highly variable
prognoses. Current diagnostic approaches rely heavily on surgical resection as imaging and core needle
biopsies have limited accuracy. Consequently, less invasive circulating-tumor DNA assays capable of
distinguishing tumor types and guiding therapy are urgently needed. To explore the possibility of improving
BrightSeq cfDNA assays with epigenomics features, we applied lllumina’s 5-Base conversion chemistry,
which enables simultaneous interrogation of genomic and methylation features from the same cfDNA
sample, to a pilot patient cohort (cfDNA) of 8 malignant rhabdoid tumors of the kidney (MRTK), 22 Wilms
tumor samples, and 3 non-renal cancer cell lines.

Whole-genome 5-Base sequencing (50x depth) produced high-quality variant calls for both somatic and
germline events ((HGOO2 SNP F1: 0.996, Indel F1: 0.979) vs standard lllumina baseline (HGOO2 SNP F1:
0.999, Indel F1: 0.997)). Copy number analysis with iChorCNA yielded accurate %ctDNA estimates across
samples, with tumor fractions ranging from 3.2-55.1%. Preliminary integration of methylation patterns
enabled clustering of MRTK versus Wilms tumor cfDNA samples when % tumor fraction (%TFx) exceeded
5%. The dual-omic data generated from 5-Base libraries also demonstrated strong concordance with the
same specimens previously characterized with the NEBNext EmSeq methylation conversion approach (r2
>= 0.97). Together, these results and the operational efficiencies achieved with 5-Base chemistry - including
simplified laboratory processing and direct compatibility with Dragen pipelines - underscore the promise of
this technology for scalable adoption in the BrightSeq Initiative. Future studies will expand these analyses
across additional pediatric tumor samples to establish robust benchmarks for clinical and discovery
applications.
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Sequencing platform-independent Cancer Omics
comprehensive cancer genome analysis for
precision medicine research and diagnostics
using Hartwig WIGITS
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Comprehensive genomic analysis is increasingly integral to both cancer diagnostics and translational
research. As clinical sequencing evolves from targeted panels and exome assays toward whole-genome
approaches, there is a critical need for robust, scalable, and integrative computational frameworks. Here, we
introduce WIGITS, an open-source, platform-independent suite of bioinformatics tools designed for end-
to-end analysis of short-read cancer sequencing data across diverse assay types—including large panels,
exomes, and whole genomes—in both tumor-only and tumor-normal paired configurations. WiGIiTS delivers
high-confidence variant calling and annotation across all variant classes, while also extracting clinically
relevant features and biomarkers such as microsatellite instability, homologous recombination deficiency,
HLA genotypes, viral integrations, pharmacogenomic features, and tissue-of-origin predictions. When RNA-
seqg data is available, WIiGITS integrates transcriptomic features to enhance variant interpretation and tumor
profiling.

The pipeline supports data from all major short-read sequencing platforms, including lllumina, Ultima, and
Roche and genome reference builds (GRCh37, GRCh38). The tools are also implemented in Nextflow (named
OncoAnalyser) as part of the nf-core ecosystem, enabling reproducible deployment across local clusters and
cloud infrastructures.

Collectively, WIiGITS provides a validated, vendor-neutral solution for scalable, cost-efficient, and clinically
relevant interpretation of cancer genomes, supporting both routine diagnostics and precision oncology
research.
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Extracellular vesicle and particle-based Cancer Omics
liquid biopsy detects early-stage lung cancer
with performance similar to LDCT
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Early detection of lung cancer remains a critical unmet need, as most patients are diagnosed at advanced
stages, when treatment is less effective. Circulating extracellular vesicles and particles (EVPs) offer a
minimally invasive source of tumor-derived biomarkers reflective of underlying tumor biology. Leveraging
this biology, we developed an EVP-based liquid biopsy assay for lung cancer detection.

To accelerate biomarker discovery and refine selection, we implemented an NGS-based EVP surface protein
mapping platform. The NGS platform was validated using the lung assay. This demonstrated its ability to
profile the EVP surface proteome and highlights its potential as a tool for accelerating biomarker discovery
and optimizing selection of biomarker combinations across multiple cancer types.

In a case-control evaluation comprising 219 controls and 114 lung cancer cases, with cases strongly biased
toward early-stage disease (88% Stage I/Il, median tumor diameter 2.7 cm), plasma samples were collected
from individuals with current or prior tobacco use, those without a history of tobacco use, patients with
COPD, and individuals with benign nodules. EVPs from 500 ul of plasma were analyzed using a proximity
ligation immuno-PCR assay with an antibody panel targeting five colocalized protein biomarkers.

The assay achieved 58% sensitivity (66/114, 95% Cl: 48.7-66.6) and 90% specificity across all stages. In
Stage | adenocarcinoma, sensitivity was 57% at 90% specificity (39/68, 95% Cl: 45.5-68.4), with successful
detection of tumors <1 cm. Assay signal correlated with tumor size (Spearman r = 0.541, p < 0.001) but not
with smoking history, underscoring the biological relevance of EVP biomarker colocalization.

These findings demonstrate the potential of EVP-based liquid biopsy to identify clinically significant tumors
at earlier, more treatable stages and support further validation in independent cohorts. To our knowledge,
this is the first blood-based liquid biopsy assay with performance similar to low-dose computed tomography
(LDCT). With its low sample requirement and gPCR-based readout, this platform offers a scalable, minimally
invasive approach adaptable to diverse clinical environments and a promising technology for improving
early cancer detection and outcomes.
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It is widely recognized that cancer recurrence frequently arises from drug-

resistant persistent cancer cells. These cells evade treatment through diverse strategies, including genomic
mutations and transcriptomic and epigenomic alterations. Especially in Non-Small Cell Lung Cancer (NSCLC)
driven by EGFR mutation, about 50% of recurrence mechanisms remain unclear. Therefore, understanding
transcriptomic and epigenomic changes in drug resistance is vital for developing strategies against cancer
recurrence. In addition to molecular alterations, morphological plasticity has recently been implicated

in drug tolerance and resistance, suggesting that morphological changes may reflect or contribute to
underlying molecular reprogramming.

To elucidate drug resistance mechanisms in lung cancer, we subjected PC9 cells to a 3-day gefitinib
treatment followed by a 3-day recovery period, repeating this cycle 20 times. The resulting drug-dosed
PC9 cells were resistant to both gefitinib and osimertinib without secondary genomic mutations and
displayed distinct morphological changes compared to parental PC9 cells. In this study, we investigated the
relationship between molecular and morphological changes using the Teton CytoProfiling system, which
quantifies 350 RNA targets, 50 protein targets, and morphological features. We collected Teton data from
parental, gefitinib-dosed, and resistant PC9 cells across four time points, including the parental state and
under drug phases in cycles 1, 11, and 20. The mean transcripts and proteins per cell were 854 and 122,
respectively.

To analyze the dynamic changes in cell morphological distributions in response to drug treatment, we
constructed a support vector machine model using only morphological features as input and identified key
features underlying these alterations. We then explored genes contributing to these morphological changes
throughout drug treatment cycles. As a result, we identified genes whose expression correlated with key
morphological features distinguishing different time points.
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Distinct cancer-associated fibroblast Cancer Omics
populations induced by epithelial and
mesenchymal PDAC subtypes in a xenograft
model
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Background:

Pancreatic ductal adenocarcinoma (PDAC) is classified into epithelial and mesenchymal subtypes
associated with varied patient outcomes. Differences in cancer-associated fibroblasts (CAFs) in the tumor
microenvironment may contribute to this variation. scRNA-seq studies have revealed heterogeneous CAF
populations, although the relationship between tumor subtype and CAF phenotype remains unclear. To
investigate this relationship, we utilized epithelial and mesenchymal PDAC cells in xenograft models to
examine how these subtypes influence CAF phenotypes.

Methods:

Xenograft models were generated by subcutaneously injecting BALB/c nude mice with PDAC cell lines

of either the epithelial subtype (BXxPC-3) or the mesenchymal subtype (MIA PaCa-2). Tumors were then
harvested and dissociated for scRNA-seq to investigate the TME. Human tumor and murine stromal cells
were computationally separated using the Xenocell tool. Subsequent analyses focused on fibroblasts within
the TME, which were subclustered to assess CAF heterogeneity between PDAC subtypes. To characterize
transcriptional programs and identify CAF features, we performed high-dimensional weighted gene co-
expression network analysis (hdWGCNA) and analyzed differentially expressed genes. Finally, spatial
transcriptomics was conducted on tumor sections from xenografts to validate CAF clusters observed in
scRNA-seq.

Results:

Distinct CAF clusters were identified in the xenograft tumors, including LRRC15 CAFs, RGS5 CAFs, and
inflammatory CAFs (iCAFs). LRRC15 CAFs were predominant in tumors derived from the epithelial subtype,
while RGS5 CAFs were enriched in tumors from the mesenchymal subtype. LRRC15 CAFs exhibited a
myofibroblastic CAF (myCAF) phenotype characterized by extracellular matrix production, with high
expression of Lrrcl5, Postn, and Fbinl. RGS5 CAFs expressed canonical pericyte markers such as Rgs5
and Cox4i2, along with CAF-associated genes, including Acta2. These CAF clusters also showed distinct
expression patterns of collagens and secreted factors. In particular, Colllal, Col12al, and Wnt5a were
upregulated in LRRC15 CAFs, while Col4al, Col10al, and Tgfbl were upregulated in RGS5 CAFs. Spatial
transcriptomics confirmed gene modules associated with Lrrc15 and Rgs5, inferred from hdWGCNA, were
differentially expressed between Acta2-positive stromal regions of epithelial and mesenchymal PDACs.

Conclusions:

These results suggest that epithelial and mesenchymal subtypes directly shape distinct CAF populations.
Notably, the enrichment of RGS5 CAFs in mesenchymal tumors may underlie their metastatic potential and
poor clinical outcomes.
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Comparative transcriptomic analysis of Cancer Omics
UHRF1 expression knockout in different
cancer types

POSTER

Jonathan Kalami?*, Miriam E.L. Gakpey?, Benson R. Kidenya**, Sala Kotochi®,
Benthai Benjamin®, Nana Yaa Karikari Agyeman3, Olaitan |. Awe’

1. Kwame Nkrumah University of Science and Technology, Department of Biochemistry and Biotechnology, Kumasi,
Ghana

2. Kwame Nkrumah University of Science and Technology, National Institute of Mathematical Sciences, Kumasi, Ghana
Noguchi Memorial Institute for Medical Research, Legon, Ghana

4. Catholic University of Health and Allied Sciences, Department of Biochemistry and Molecular Biology, Mwanza,
Tanzania

5. Kumasi Center for Collaborative Research in Tropical Medicine, Kumasi, Ghana
University of Jos, Department of Pharmaceutical Microbiology and Biotechnology, Plateau State, Nigeria
7. African Society for Bioinformatics and Computational Biology, Cape Town, South Africa

w

o

Background:

Ubiquitin-like with PHD and RING Finger domains 1 (UHRF1) is an important epigenetic regulator that plays a
pivotal role in modulating DNA methylation patterns and chromatin structure. Its role in cancer progression
is significant, yet the extent of its impact on gene expression across different types of cancer remains poorly
understood. This study focuses on a comparative transcriptomic analysis of UHRF1 expression knockout in
four cancers—two solid tumors and two hematological cancers—following UHRF1 expression knockout.

Methods:

To understand the role UHRF1 plays in different cancers, we obtained transcriptomic data from NCBI Gene
Expression Omnibus (GEO) database and performed comparative differential gene expression and gene set
enrichment analysis of four distinct cancer cell lines: retinoblastoma (Y79), breast cancer (MCF-7), acute
myeloid leukaemia (Kasumi-1) and acute monocytic leukaemia (THP-1).

Results:

Among the differentially expressed genes of each cancer cell line, 80 genes were commonly regulated
following UHRF1 expression knockout. Gene set enrichment analysis of the 80 overlap genes revealed

179 GO terms significantly enriched, suggesting roles in processes like response to hypoxia, regulation of
Wnt signaling pathway, and positive regulation of apoptotic processes with no KEGG pathways found to

be enriched. Protein-protein interaction analysis of the 80 overlapping genes revealed a network with 79
nodes and 42 edges, identifying key hub genes GLUL, SOD2, GPI, TXNDRI, and HSPDI, with GLUL and SOD2
exercising strong functional interactions.

Conclusion:

Our comparative transcriptomic analysis reveals eighty (80) shared differentially expressed genes across
solid and hematological cancers, with GLUL and SOD2 being key hub genes with strong functional
interactions. Furthermore, our findings suggest that UHRF1 expression knockout leads to significant
enrichment in processes such as the response to hypoxia, regulation of the Wnt signaling pathway, and
apoptosis, thereby improving our understanding of UHRFT's critical role in pathways essential to cancer
progression. This indicates that UHRF1 knockout influences vital cellular functions, potentially identifying
novel targets for cancer therapy.
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Cancer is a collective term for approximately 200 diseases, caused by mutations facilitating the replicative
and metastatic potential of the cancer cells. Genomic studies have identified hundreds of genes with
protein-coding mutations driving the cancer phenotype. The non-coding genome has been less studied but
is likely to also contain cancer driver mutations. We analyzed data from 2,539 cancer genomes representing
33 cancer types from the International Cancer Genome Consortium (ICGC). We intersected the non-
coding regions of the genome with Zoonomia phyloP scores, an evolutionary constraint metric from 240
mammalian species, to identify non-coding constraint mutations (NCCMs) with regulatory potential.

We developed a statistical framework that models the distribution of NCCMs in regulatory regions up to 100
kbp up- and downstream of each gene, controlling for the background mutation rate and other confounders.
This identified 14 genes with significant enrichment of NCCMs across cancer types. These include excellent
cancer candidate genes such as FOXAT, TRIM27, and RBM4. Analysis of individual cancer types identified

an average of 5 significant genes per subtype and a total of 77 candidates, both overlapping with the pan-
cancer analysis and individual subtype-specific genes. The results show that genes with a high NCCM burden
often have few protein-coding mutations, suggesting that these proteins are likely required to be intact for
cells to be functional.

In addition, we performed a genome-wide 2 kbp sliding-window analysis that identified 45 significant
windows in the vicinity of 27 unique genes. Among the NCCMs in significant windows, we further identified
mutational clusters where the same NCCM or NCCM within 15 bp regions were shared by multiple patients,
sometimes within, sometimes across tumor types. These include both previously seen and novel hotspots,
including those near RMRP, ALPK2, and FSHR.

Overall, we identified both known and novel non-coding candidates, and the identified genes were
significantly enriched for COSMIC Cancer Gene Census genes. The NCCMs were associated with significant
gene expression differences, and we performed massively parallel reporter assays to examine the functional
effects of the NCCMs. We suggest the importance of novel driver mutations and driver genes for cancer
development.
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Despite its widespread availability, RNA-sequencing (RNA-seq) remains underutilised in clinical genomics,
often dismissed as non-actionable due to its association with gene expression profiling. This perception has
led to an overreliance on DNA sequencing (either targeted, whole exome or whole genome), which, while
foundational, fails to capture the functional consequences of many variants. In Australia’s national precision
medicine program, the ZERO Childhood Cancer Program, we challenge this paradigm by demonstrating the
indispensable clinical utility of RNA-seq in paediatric precision oncology.

Across 477 high-risk paediatric cancer samples, we integrated RNA-seq with whole genome sequencing
(WGS) to resolve the expressed impact of structural variants (SVs) and single nucleotide variants (SNVs) and
small insertions and deletions (Indels). RNA-seq identified 93% of SVs, including complex rearrangements
such as multi-hop events, chromothripsis, and intragenic disruptions, often undetectable or uninterpretable
by WGS alone. Critically, RNA-seq informed frame calling and protein domain retention analysis, providing
functional context essential for assessing oncogenicity and therapeutic relevance. Notably, RNA-seq was
essential to the clinical interpretation of 30% of SVs, directly influencing diagnostic and treatment decisions.

Beyond SVs, RNA-seq confirmed 90% of driver SNVs/Indels and reclassified pathogenicity of 22% based on
allele-specific expression and splicing outcomes. Importantly, RNA-seq identified clinically relevant SNVs in
low purity tumours and SNVs/Indels with low variant allele frequency, in cases where WGS sequencing had
failed to detect any drivers. These transcriptional consequences directly impacted variant pathogenicity and
treatment decisions, underscoring RNA-seq’s role in refining clinical interpretation.

Our findings dismantle the notion that RNA-seq is limited to expression analysis and highlight its power

to functionally annotate DNA variants. In paediatric cancers, where mutation burden is low and structural
complexity is high, RNA-seq bridges the gap between detection and actionability. We advocate for a shift in
clinical genomics where RNA-seq should no longer be viewed as supplementary, but as a core component of
multi-omic diagnostics. Its ability to reveal the expressed consequences of DNA alterations makes it a vital
tool for precision medicine, particularly in contexts where WGS alone falls short.
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Gastrointestinal stromal tumours (GISTs) are characterised by driver mutations in the KIT and PDGFRA
genes, leading to the abnormal activation of these receptor tyrosine kinases. Approximately 40% of high-
risk patients experience relapse after adjuvant imatinib therapy, emphasising the importance of better
understanding tumour biology and heterogeneity, and their influence on prognosis and resistance.

We have applied Visium 10x Genomics spatial transcriptomics technology on FFPE samples from nine
treatment-naive GISTs. Our approach integrates deconvolution analysis to delineate distinct spatial
transcriptomic niches and to identify specific cell types within the tumour and its microenvironment.
Preliminary analyses focused on characterising transcriptomic profiles within the tumour area and across
patients, supplemented by inferred DNA copy number changes from gene expression data.

The inclusion of normal tissue was essential for enhancing our analyses and defining cell types within the
tumour microenvironments. Our findings revealed significant intratumour heterogeneity, with distinct spatial
domains displaying unique transcriptional landscapes. Despite the uniformity of KIT mutations among
patients, we observed substantial variability in gene expression profiles, suggesting potential differences in
the activation of downstream pathways. Additionally, areas of localised chromosome copy number changes
were linked to signatures associated with more aggressive disease behaviour.

This study highlights the complex transcriptional and genomic heterogeneity in GISTs, which may have
significant implications for patient stratification and the development of personalised therapeutic strategies.
A deeper understanding of the molecular mechanisms driving heterogeneity in GISTs will be crucial for
enhancing targeted therapies and reducing the risk of relapse in high-risk patients.
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Lung cancer, one of the leading malignancies worldwide, is commonly treated with the combination

of carboplatin and paclitaxel (CBPX). Although effective, this regimen is often limited by adverse drug
reactions (ADRs), which may be influenced by genetic variants (SNVs) and patient ancestry. This study
aimed to investigate the impact of SNVs in ATP-binding cassette (ABC) transporter genes and ancestry on
chemotherapy-induced ADRs in individuals with non-small cell lung cancer (NSCLC). Patients with NSCLC
were recruited at the Hospital de Clinicas, State University of Campinas (UNICAMP), and evaluated for
ADRs, SNVs, and ancestry after the first CBPX chemotherapy session. ADRs were classified according to
severity using the Common Terminology Criteria for Adverse Events (version 4.03). SNVs in the ABCB],
ABCCI1, and ABCC2 genes with a ClinPGx evidence level =3 was selected and genotyped via microarray.
Only SNVs in Hardy-Weinberg equilibrium were analyzed for the dominant (DM) and recessive (RM) models.
The study was approved by the UNICAMP Research Ethics Committee. 109 patients were included, with a
mean age of 63.1 years; 52.3% were male, 82.6% self-reported as white, and 40.4% had European ancestry.
The most frequent ADRs were anemia (34.8%), nausea (26.6%), and reduced creatinine clearance (CClr;
25.9%), with grade 1 prevalence. Significant associations were observed between specific ADRs and SNVs:
vomiting and ABCBT’s rs9282564 (DM; p=0,007 OR=6,04; CI95%=1,63-22,42), rs1128503 (RM; p=0,029;
OR=0,178; CI95%=0,04-0,84), rs4148738 (RM; p=0,038; OR=0,193; CI95%=0,041-0,910), rs4728709 (RM,;
p=0,015) and ABCCT1’s rs45511401 (DM; p=0,027; OR=6,205; CI95%=1,22-31,43); ABCBT’s rs10267099 with
thrombocytopenia (DM; p=0,003; OR=0,126; Cl195%=0,032-0,4890); ABCC2’s rs3740066 with reduced CClr
(RM; p=0,034; OR=3,476; CI95%=1,096-11,03), and rs2273697 with neutropenia (DM; p=0,005). Ancestry
influenced variant prevalence: admixed individuals were less likely to carry rs3740066 (ABCC2; p=0.024;
OR=0.206; 95%CI=0.052-0.808), whereas African ancestry was associated with increased likelihood of
rs9282564 (ABCBIT; p=0.041; OR=8.540; 95%CI=1.092-66.851). Overall, these findings suggest that ABC
transporter gene variants modulate susceptibility to CBPX-induced ADRs and that ancestry shapes SNV
distribution. Integrating pharmacogenetic and ancestry-informed approaches may enhance chemotherapy
personalization, improve efficacy and minimize ADRs.
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Single-cell RNA sequencing (scRNAseq) has become a routine tool for profiling cellular composition and
transcriptional responses across health and disease. Beyond transcriptomic analysis, scRNAseq has also
been used to detect expressed genetic variants and infer perturbation identity in CRISPR-Cas-based high-
throughput screens through guide RNA sequencing. However, these transcriptome-based measurements
face several limitations. They are restricted to transcribed regions, depend on sufficient expression levels to
overcome the inherent sparsity of scRNAseq data, and, in the context of genetic perturbations, the detection
of a guide RNA transcript does not confirm successful editing at the target locus.

To address these limitations, we developed a high-throughput single-cell RNA & DNA co-assay based on
our Semi-Permeable Capsule (SPC) technology, enabling highly parallel, multistep processing of single cells.
The method couples whole-transcriptome profiling with targeted genotyping by multiplex PCR amplicon
seguencing in the same cells, directly linking genotype to transcriptional state, confirming CRISPR edits at
genomic targets, and functionally characterizing engineered or naturally occurring mutations.

We profiled >100,000 primary human cells across multiple peripheral blood mononuclear cell (PBMC)
donors using co-sequencing of RNA and amplicons targeting 10 SNP-containing loci. Over 85% of captured
cells yielded genotypes, enabling donor deconvolution from variant calls in the amplicons and robust
mapping of genetic background to cell-state heterogeneity. Designed for scalability, the assay supports
user-defined PCR panels targeting transcribed and non-transcribed loci and is readily extensible in both
cell numbers and amplicon breadth. We will present results demonstrating the utility of the platform for
dissecting genotype-phenotype relationships at single-cell resolution.
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Machine learning is transforming the process for drug discovery, but to train powerful predictive models,

we need datasets that capture how thousands of compounds impact diverse human cell types. Traditional
approaches face a major challenge: batch effects and variability across experiments can mask true biological
signals. Recent advances in single cell RNA sequencing (scRNA-seq) using combinatorial barcoding now
make it possible to measure transcriptomes from tens of millions of cells in a single, unified workflow—
dramatically reducing technical noise while preserving biological detail.

Building on this capability, we created Tahoe-100M, the largest single cell dataset ever assembled for drug
discovery: over 100 million cells, spanning 50 human cell line models and 379 drug compounds. Mixed cell
lines from Tahoe Therapeutics were co-cultured, grown into 3D spheroids, and treated for 24 hours with
compounds across three concentrations. Following treatment, cells were fixed and pooled in batches of
~10 million for barcoding on the Parse Biosciences GigalLab platform. Automated library prep across 96-
well plates generated sequencing-ready material for all samples, which were sequenced on the UG 100
(Ultima Genomics). Demuxlet analysis then linked each cell back to its original line, producing high-quality
transcriptomes at unprecedented scale.

The resulting Tahoe-100M dataset covers ~56,000 unique cell line-drug-dose combinations and reveals
thousands of genes with clear, dose-dependent expression changes. Stratifying these responses by
mutational profile uncovers genotype-specific transcriptional programs, while single cell phase analysis
exposes compound specific cell cycle effects—such as G1 or G2/M arrest by CDK inhibitors and G2/M
accumulation after microtubule inhibition—that bulk assays cannot resolve.

By processing fixed cells in massive pooled batches, we minimized batch effects, enabling direct
comparisons across all perturbations. Together, Tahoe-100M provides a scalable blueprint for atlas-scale
scRNA-seq and an open resource to accelerate Al-guided cancer drug discovery and genotype-specific
response profiling across human cell models.
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Background:

Patients with adnexal masses face both overtreatment, when benign disease is misclassified, and
undertreatment, when cancers are not managed by gynecologic oncologists. CA125, the most widely used
biomarker, lacks specificity. High-grade serous ovarian cancer (HGSOCQC), the most aggressive subtype of
epithelial ovarian cancer (EOC), requires timely specialist management. OvaPrint, a cfDNA methylation liquid
biopsy developed to improve adnexal mass evaluation, is currently optimized for HGSOC, with expansion
underway. In this prospective multi-site study, we sought to clinically verify OvaPrint, compare it with CA125
and complement it with next generation proteomics.

Methods:

Eligibility included adnexal mass on imaging without evidence of metastatic disease, planned surgery, no
prior treatment, and no cancer history. Plasma was collected from six US sites preoperatively and analyzed
with OvaPrint. CA125 values were abstracted from medical records. Final surgical pathology was the clinical
ground truth. Of 121 cases (7 HGSOC, 16 other EOCs, 5 other cancers, 93 benign), 110 were evaluable (104
had CA125). Endpoints were sensitivity, specificity, positive predictive value (PPV), and negative predictive
value (NPV). Separately, 80 samples are also being assessed by the lllumina’s Protein Preparation (IPP)
platform detecting 9500 proteins.

Results:

Median age was 56. OvaPrint had 83.3% sensitivity for HGSOC, 96.6% benign specificity and 97.12% non-
HGSOC specificity. Its HGSOC-specific PPV was 62.5% and NPV 99%. CA125 showed 100% sensitivity for
HGSOC but had poor specificity (62.2%) and 56.3% sensitivity for other cancers. Its HGSOC-specific PPV
was 13%. CA125 specificity differed by age and race while OvaPrint specificity did not. IPP is being evaluated
to complement OvaPrint in the discrimination of malignant and benign adnexal masses.

Conclusions:

Accurate tools for EOC diagnosis are urgently needed. This first prospective, multi-site study shows
OvaPrint’s exceptional specificity. The high HGSOC-specific NPV and PPV of OvaPrint means a positive
result is a near-certain indicator of HGSOC, supporting timely and appropriate care. OvaPrint is being
expanded to other EOCs and is undergoing CLIA validation. Additional integration of other molecular
endpoints could further enhance discrimination of adnexal masses. These findings establish it as the first
liquid biopsy in ovarian cancer with potential to transform diagnostic practice and outcomes.
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Ovarian cancer is the fifth leading cause of cancer-related deaths among females. High-grade serous
ovarian cancer (HGSOC) is the most common and aggressive subtype of ovarian cancer, with >75% of

cases diagnosed at an advanced stage with metastasis. Despite improvements in cytoreductive surgery

and platinum-based chemotherapy, recurrence is nearly universal, and most patients ultimately develop
resistance to standard treatment. Consequently, HGSOC remains highly lethal, with a five-year survival rate
<30%. Prior studies have suggested that tumor-initiating cells (TICs) drive tumor growth and may contribute
to therapeutic resistance in multiple cancer types, including HGSOC. However, there is a lack of reliable
markers of TICs across tumor sites due to tumor microenvironmental (TME) differences, and the ways in
which TICs participate in the TME remains poorly defined.

In this study, we aim to evaluate and improve existing TIC markers as well as characterize transcriptional
entropy in the tissue landscape among single cells profiled across HGSOC metastatic sites. Transcriptional
entropy, a quantitative measure of transcriptional diversity within individual cells, provides a framework to
capture cellular plasticity that may underlie metastatic potential of TICs. We performed multi-site single cell
RNA-sequencing (scRNA-seq) on >100,000 cells across from five HGSOC patients, as well as orthogonal
Visium-HD spatial transcriptomics on paired ovary and omental tumors from matched patients. scRNA-seq
data support differences in gene expression profiles across patients and anatomic sites, consistent with the
inter-patient and inter-site heterogeneity reported in HGSOC literature. Initial findings also reveal differences
in levels of transcriptional entropy among epithelial cells between primary and metastatic tumor sites.

Leveraging our previously published Unicell Al/ML single-cell foundational model and entropy scoring
algorithm, pySCE, we anticipate identification of gene expression programs that correlate with cellular
transcriptional entropy, which will be validated via analysis of high-powered integrated datasets and via
perturbation of HGSOC patient-derived cells in culture. The Unicell model integrates millions of single-
cell profiles to contextualize HGSOC data, while pySCE computes entropy-adjusted transcriptional
signatures predictive of cellular state transitions. Collectively, this work will enhance understanding of
the transcriptomic and spatial dynamics of HGSOC metastasis and identify novel transcriptional entropy-
informed candidates for treatment of metastatic HGSOC.
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Reproducibility remains a significant challenge in biomedical research, especially when working with in
vitro models such as immortalized cell lines. Variations in laboratory protocols, culture conditions, passage
number, and experimental workflows can lead to substantial changes in gene expression, often resulting

in inconsistent or contradictory findings. This variability undermines the reliability of data and impedes
progress in both fundamental research and translational efforts.

To help address this issue, we established a comprehensive reference transcriptome for human and
mouse cell lines originally sourced and maintained by ATCC. Through high-quality RNA sequencing and
standardized bioinformatics workflows implemented within QIAGEN OmicSoft’s ATCC Cell Line Land and
ATCC Genome Portal, we produced reproducible, well-annotated gene expression profiles across a wide
array of cell lines representing diverse tissues, disease contexts, and research applications.

This dataset provides a robust benchmark for evaluating gene expressions commonly used in vitro models.
It supports validation of experimental results, verification of cell line identity, detection of anomalies due
to contamination or misidentification, and identification of cell line-specific biomarkers to inform model
selection and experimental design. By offering a consistent reference framework, the transcriptome
enhances cross-study comparability, enables integration of datasets from multiple sources, and reinforces
data quality. This resource promotes reproducibility and accelerates the translation of cell-based research
into meaningful biomedical advances.

Our goal in delivering this reliable and accessible transcriptomic resource is to support the scientific
community in moving from variability toward verifiability, advancing reproducible research, strengthening
collaboration across sectors, and ultimately contributing to improved patient outcomes.
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Advancements in proteomic technologies empower the identification of potential biomarkers from serum
and plasma in a scalable manner, providing more comprehensive insight into health and disease states.
Approximately 400 plasma samples derived from donors with Stage IV prostate, lung, or colorectal cancer
and undiagnosed donors were profiled using high throughput mass spectrometry (MS) and Olink® Explore
HT. Proteomic and genomic analysis of matched plasma and FFPE tissue from an additional 80 donors with
Stage | or IV of the above cancers and normal adjacent tissues will be performed (Discovery Life Sciences).
For mass spectrometry analysis, plasma was enriched using the Seer Proteograph XT workflow with a
Thermo Scientific Vanquish Neo HPLC system coupled to an Orbitrap Astral MS. A targeted method was
developed using PRM Conductor to transfer discovery findings to targeted analysis on the Thermo Stellar
MS. FFPE tissue samples will be processed for whole exome sequencing and MS analysis. The latter will
utilize the PreOmics BeatBox and iST kits. MS-based analysis measured an average of 6,600 proteins per
sample. In total, greater than 11,000 proteins were measured across all samples by Olink Explore HT and MS.
The two technology platforms had ~30% overlap, providing high complementarity, and use of both platforms
increased coverage of the druggable proteome. In addition, 424 proteins were measured in common with an
analytically driven Stellar MS targeted panel. Significantly changed proteins found in common between Olink
Explore HT and MS analysis, and known to be overexpressed in cancer, had similar fold changes across the
two platforms. State-of-the-art instrumentation and technology platforms expanded biomarker discovery
and linked results with immediate targeted quantification. Proteomic and genomic analysis of matched
donor tissue and plasma samples will further drive understanding of the relationship between tissue and
soluble biomarkers.
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Glioblastoma (GBM), the most aggressive form of brain tumor, is characterized by high intratumoral
molecular heterogeneity caused by clonal and sub-clonal variability in genomic, epigenomic, transcriptional,
and proteomic networks of cancer cells in heterogenous different tumor microenvironments. The 3D
organization of genome structure plays a critical role in regulating gene expression and cellular function.
Structural aberrations including copy number variations (CNVs), structural variations (SVs), and topological
changes rewire the 3D genome allowing aberrant activation of oncogenes, repression of tumor suppressors
and dysregulation in gene expression. Although current methodologies such as WGS or Hi-C provide bulk-
level understanding of dysregulation, they do not provide insight into spatial distribution and association
between molecular subclones and microenvironment. Since tumor cell heterogeneity contributes towards
therapeutic resistance and hampers development of successful treatment strategies for GBM patients,
understanding the molecular mechanism in a heterogenous spatial context demands state-of-the-art in-
situ single cell and spatial technologies that can provide deeper insight into early detection and disease
progression.

Here, we present a novel multiomic jebFISH™ protocol on the PaintScape™ platform that can be used to
analyze intratumoral heterogeneity of 3D chromatin architecture of fresh frozen GBM cells in different tissue
microenvironments, perinecrotic, perivascular, infiltrative, at single cell, sub-population and population

level. Using the ChromoPaint™ PanChromo MPX Panel, which visualizes loci across all chromosomes, we
show disruption in 3D folding of individual chromosomes such as re-organization of chromosome territory,
differential p-g arm interaction and inter-chromosomal proximity at single cell and sub-population level. We
characterize chromosomal instability, CNVs and SVs of different GBM cancer cell states at sub-chromosomal
level in-situ within the tissue. By combining jebFISH with multiplexed immunofluorescence proteomic
detection of hypoxia and microvasculature, we show how different tissue microenvironment e.g. hypoxic vs
normoxic regions within the same GBM tissue section have different 3D genome organization in the cancer
cell sub-populations.

We envision the PaintScape system will improve our understanding of the progress of glioblastoma disease
and provide deeper insight into the underlying 3D genomic heterogeneity of single cancer cells and sub-
populations with unigue spatial context within the tissue leading to design of better cancer treatment
options in the future.

2026 AGBT General Meeting 46



Comparing whole-genome bisulfite Cancer Omics
sequencing to a novel chemistry for DNA
methylation analysis

poster | 127

Ben Yi Tew', Thomas Simon', Gerald Gooden’, Seeta Rajpara’, Danielle Goldberg?,
Ev Chekalin?, James Baye?, Lisa Watson?, Suzanne Rohrback?, Bodour Salhia'?

1. University of Southern California, Keck School of Medicine, Department of Cancer Biology, Los Angeles, CA, USA
2. lllumina, Inc., San Diego, CA, USA
3. University of Southern California, Norris Comprehensive Cancer, Los Angeles, CA, USA

Background:

Whole-genome bisulfite sequencing (WGBS) is the gold standard for base-resolution DNA methylation
analysis; however, its reliance on converting unmethylated cytosines to thymines reduces nucleotide
diversity, leading to lower mapping efficiency and limited ability to detect genomic variation, which makes
FFPE or cfDNA-derived data analysis especially challenging. The lllumina 5-base sequencing solution
employs a novel single-step enzymatic conversion that converts only methylated cytosines, preserving
sequence complexity while enabling simultaneous detection of methylation and genomic variants. In this
study, we compared the performance of WGBS to the lllumina 5-base solution across sequencing metrics,
methylation detection, and variant calling in fresh frozen, FFPE and cfDNA samples.

Methods:

Whole-genome DNA methylation and variant detection were evaluated using the lllumina 5-base solution
and compared to established assays: WGBS or lllumina EPIC arrays for methylation and whole-exome
sequencing (WES) or whole-genome sequencing (WGS) for SNV and CNV detection. The analysis

included 41 fresh frozen samples (29 tumors and 12 matched normals, representing 22 unique cases), 24
FFPE samples with 5-base, WGBS, EPIC arrays WES, and WGS data, and 49 cfDNA samples with 5-base
methylation data and targeted bisulfite sequencing data. We compared the alignment rate, duplication,
CpG coverage, and conversion efficiency between platforms. 5-base comparison to arrays & WGBS analysis
included differential methylation analysis and individual CpGs methylation correlation analysis. Genomic
findings (small variants & CNV) were compared to WGS & WES calls.

Results:

Using fresh frozen samples, lllumina 5-base achieved higher alignment (91.6% vs. 73.4%) and lower
duplication rates (12.4% vs. 29.0%) compared to WGBS, producing more complete methylomes with greater
CpG depth and reduced noise. CpG-level methylation profiles demonstrated strong correlation between
platforms (AB > 0.25 in only 1.2% of CpGs; > 0.5 in 0.1%). lllumina 5-base identified a larger number of

DMRs, reflecting enhanced CpG coverage, while shared DMRs revealed concordant biological pathways.
Additionally, 5-base data yielded robust CNV and SNV detection comparable to WGBS and WES.

Conclusions:

The Illumina 5-base solution delivers highly concordant methylation profiles with greater coverage, improved
efficiency, and simultaneous detection of genetic variants, representing a viable and dual insight alternative
to existing methods for comprehensive methylome analysis.
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Background:

Pseudomonas aeruginosa is a Gram-negative opportunistic pathogen frequently associated with multidrug-
resistant infections in clinical settings. The rise of antibiotic-resistant strains and their genomic complexity
necessitate advanced tools for comprehensive genetic characterization, particularly in the context of
resistance to antibiotic and phage therapies.

Methods:

Here, we use ultra-deep high-fidelity (HiFi) sequencing to analyze strain NRD619, a multidrug-resistant P.
aeruginosa isolate that had colonized the driveline of a left ventricular assist device of an 82-year-old male
who was identified as a phage therapy candidate. Through HiFi long-read sequencing and bioinformatic
analysis, we identified low-frequency subpopulations harboring heterogeneous structural variants (SVs) and
investigated their potential phenotypic consequences through functional genomics.

Results:

Small variants inducing frameshifts linked to efflux pump overexpression (mexZ) and missense mutations
linked and reduced carbapenem uptake (oprD), and other antibiotic resistance (ampC and mexS)

clarified the genetic basis of drug resistance in NRD619. Ultra-deep long-read sequencing captured five
low-frequency subpopulations (allele frequency as low as 0.024%) harboring heterogeneous SV with
clinically important phenotypic implications. These comprised a reciprocal heterogeneous 32kb deletion
and duplication of a cluster of phage proteins and three multi-kilobase insertions. The three insertions
affected genes mediating several bacterial functions including fimbriae and an ABC transporter permease,
implicating biofilm formation and colonization of medical devices as differential phenotypes in the minority
subpopulation.

Conclusions:

This study demonstrated how ultra-deep sequencing can uncover cryptic genetic heterogeneity in bacterial
pathogens, offering insights into P. aeruginosa subpopulation composition in clinical isolate unobservable
by traditional approaches. Future applications could refine our understanding of multidrug resistance,
phage susceptibility profiles, and adaptations influencing host colonization with clinical ramifications. These
findings spotlight a strategy to study bacterial adaptation dynamics in response to clinical therapies and
potentially inform personalized treatment approaches in certain clinical settings.

Keywords:
Pseudomonas aeruginosa, multidrug resistance, HiFi sequencing, structural variants, heterogeneous variants,
efflux pumps, antibiotic resistance
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Tissue structure and molecular circuitry in the colon can be profoundly impacted by systemic age-related
effects, but many of the underlying molecular cues remain unclear. To address this gap, we build a cellular
and spatial atlas of the colon across three anatomical regions and 11 age groups, encompassing ~1,500
mouse gut tissues profiled by spatial transcriptomics and ~400,000 single nucleus RNA-seq profiles. We
develop a computational framework, cSplotch, which learns a hierarchical Bayesian model of spatially-
resolved cellular expression associated with age, tissue region, and sex, by leveraging histological features
to share information across tissue samples and data modalities. Using this model, we identify cellular and
molecular gradients along the adult colonic tract and across the main crypt axis, and multicellular programs
associated with aging in the large intestine. Our multi-modal framework for the investigation of cell and
tissue organization can aid in the understanding of cellular roles in tissue-level pathology.
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The scientific impact of spatial transcriptomics is slowed by the limited availability of computational experts.
To empower biologists to explore their own data, we are deploying on the AtoMx Spatial Informatics
Platform a new kind of analysis framework in which scientists without computational expertise can perform
deep and customized analyses.

Two advancements underlie this framework. First, we have trained foundation models on >1 billion cells in the
AtoMx database. Prior work like scGPT and GeneFormer showed the power of foundation models in single
cell data. Our training database is >10-fold larger than predicate single cell databases and includes spatial
information. We use our foundation models to automate annotation of cell type and spatial context, serving
results that could take weeks to generate.

Second, we introduce a novel use of large language models (LLMs) in data analysis. Our pipeline creates a
carefully-curated package of summary tables, thousands of times smaller than a full dataset, but far richer
than a human-generated prompt. Once a LLM ingests this package, it stands ready to answer diverse
questions about the dataset, e.g. “what pathways are spatially variable in tumor cells?”, or “what are the
spatial contexts T-cells inhabit in this tissue?” LLMs hallucinate, but in parallel with their chat, biologists
can use the AtoMx viewer to validate and expand on the LLM’s claims. We propose this chat-then-validate
format as a generalizable concept for analysis software. This is distinct from “agentic analyses”, which give
LLM’s extensive control over analyses and thereby risk erroneous results.

The experience for a biologist, then, is this: their first glance at their data includes complete cell type and
niche annotation, along with a data package for LLMs. They then engage in a wide-ranging exploration,
querying an LLM and visualizing pertinent results in the AtoMx viewer. As they develop hypotheses to test,
AtoMx provides a GUI to pose exactly the right question, e.g. “how do T-cells change as they get closer to
tumor cells”, or “how are microglia different in damaged regions?” The result is an individualized journey
through exploratory and confirmatory analysis, all without writing a line of code.
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Structural variants (SVs) are an important class of genomic variation with significant functional and clinical
impact, yet their discovery remains an open problem. The performance of SV callers can vary as a function
of variant type, size, genomic context, coverage, and sequencing platform. However, real SV truthsets

are scarce and typically contain a restricted set of SV types with skewed size and context distributions,
hindering our ability to uncover systematic performance bias. To perform a comprehensive evaluation of SV
methods, we designed a suite of synthetic benchmarks covering a diverse set of experimental conditions.

We simulated 60 synthetic genomes to evaluate the detection of deletions, insertions, duplications, and
inversions across 5 size regimes and 3 genome contexts stratified by mappability. We evaluated 16 SV callers,
including alignment-based and assembly-based tools, across multiple sequencing platforms at varying read
depth. We found that SV recall varied significantly across different context and coverage regimes. However,
some callers maintained high recall across all SV types and sizes, while others performed well only in some
regimes. For deletions and insertions, assembly-based tools outperformed alignment-based methods in
challenging contexts; nonetheless, some events in highly repetitive regions were missed by all methods.

In contrast, for duplications and inversions, the recall of assembly-based tools was low and only certain
alignment-based callers found these variants consistently. As expected, we also found that SV detection is
impacted by read length.

To stress-test the precision of SV tools in calling simple SVs, we additionally generated a set of synthetic
genomes containing only complex variants. We found that most callers report simple events for different
combinations of complex SV breakpoints. For instance, in benchmarks containing non-reciprocal
translocations, many callers produced numerous deletion, duplication, and insertion calls. Notably, we found
that both short-read and long-read callers agreed on many calls. These findings are particularly problematic
for SV population studies, where consensus calling is commonly used to improve accuracy.

Overall, our results demonstrate that synthetic benchmarks are a valuable resource for performance
evaluation, allowing us to reveal systematic biases and methodological limitations and estimate an upper
bound of performance on real datasets.
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Metagenomics has improved our understanding of complex microbial samples and ecosystem dynamics
through the analysis of genetic material directly from the environment. With the high-throughput nature

of next-generation sequencing (NGS), researchers can explore microbial communities without the need

for culturing, enabling a wide variety of applications. One such application is the genotyping of viruses

in biological samples, which is critical for monitoring viral prevalence and evolution. Compared to other
metagenomics applications, the bioinformatics analysis of viral typing is more challenging due to the
similarity of genotype reference sequences and the rapid evolution and recombination of viral genomes that
frequently occur. For example, the exact k-mer matching approach of the popular metagenomics program
Kraken2, though extremely fast, performs poorly when k-mers do not have exact matches or ambiguously
match multiple sequences in the reference database.

Here we introduce MGtree, a fast, reliable, Nextflow-wrapped pipeline that utilizes a combination of full-
length NGS read alignments and phylogenetic analysis to classify samples of interest. By focusing on
full-length alignments, the program ensures maximal use of the sequence information and assignment
confidence even in samples with closely related sequences, co-infections, or other complex microbial
interactions.

We evaluated MGtree on previously published datasets of norovirus and human papillomavirus (HPV)
samples. With the norovirus samples, which are challenging to analyze because of the high mutation rate
and the large regions of homology among genotypes, MGtree performed extremely well. MGtree correctly
classified an average of 75.3% of norovirus reads down to the genotype level, with negligible incorrect
assignments. By contrast, Kraken2 classified an average of only 3.3% of norovirus reads correctly at the
genotype level. With HPV, which frequently occurs as co-infections, MGtree similarly outperformed Kraken2
in analyzing both HPV-infected cancer cell lines and cervical cancer samples. MGtree correctly identified

all co-infections and had 90% fewer incorrect assignments than Kraken2. These results highlight MGtree’s
superiority in resolving viral genotypes, and its potential for other metagenomics applications.
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The relationship between gene expression and cellular function is complex. Transcriptomic measurements
provide static snapshots, while cellular phenotypes unfold over time. To address this limitation, we developed
CellCage™ technology, leveraging light-guided polymerization of hydrogels, to enable longitudinal imaging
of cells coupled with endpoint transcriptomics. Within this system, imaging provides unambiguous readouts
of complex cellular functions (e.g. cell interactions, phagocytosis, differentiation, senescence), which can be
associated with transcriptomic data to investigate underlying transcriptional programs.

Imaging phenotypes are information-rich but challenging to characterize. We leveraged DINOv2, a self-
supervised vision transformer trained on massive amounts of natural images, to extract high-dimensional
morphological features for interpreting cell images, creating rich descriptors of cellular morphology with
dimensionality comparable to gene expression readouts. This combination of imaging and transcriptomics
represents a novel data type uniquely enabled by CellCage™ technology.

We validated the accuracy of the imaging features by showing that they can cluster cell images according
to their identity, and demonstrating robustness under common augmentations (rotation, blur, etc.). We then
investigated morphology-gene expression relationships across multiple biological settings.

Morphological features identified different Hs675.T fibroblast subsets correlating with differentiation state
and expression of specific adhesion molecules and cytokines. In plant protoplasts, morphological analysis
distinguished three populations: healthy round cells enriched for photosynthesis genes, stressed elongated
cells with elevated oxidative phosphorylation, and small guard cells involved in abscisic acid signaling.

Finally, we analyzed THP-1 monocytes differentiated to MO, M1, or M2 macrophages, identifying a specific
morphological type preferentially associated with the M2 state. Differential expression analysis identified
multiple genes specifically associated with this morphological type and involved in tissue repair, remodeling,
and anti-inflammatory activity, revealing phenotypic heterogeneity within M2 populations not apparent by
gene expression alone.

In conclusion, the combined imaging and sequencing data uniquely enabled by CellCage™ technology
provides new insights into cell state transitions, stress response, and differentiation processes across
biological systems, establishing a powerful paradigm for understanding cellular heterogeneity beyond
transcriptomics alone.
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Estimating total and functionally partitioned SNP-heritability (h?) at biobank scale is computationally
challenging, particularly for traits with substantial environmental variance. We present a two-path framework
on All of Us array genotypes to (i) obtain a robust baseline h? and (ii) attribute variance to regulatory (REG)
versus non-regulatory (OTHER) annotations without constructing a monolithic genome-wide relationship
matrix (GRM).

Path A (baseline REML): Phenotypes are residualized for age, sex, and ancestry principal components; we
evaluate age-restricted subsets (<60 and <50 years) to reduce environmental noise. We compute GRMs per
chromosome and aggregate them in multi-GRM REML, which recovers total h? and enables annotation-aware
components while fitting within memory limits. This approach also supports standard sensitivity checks
(number of PCs, medication adjustment where applicable).

Path B (scalable partition): We run chunked Bayesian ridge on LD-localized “core+flank” SNP blocks to
estimate per-block variance explained and sum across REG/OTHER partitions. This out-of-core design
parallelizes efficiently and preserves polygenic signal.

Interim findings support literature-consistent heritability for height, and we anticipate total h? = 0.45
after age/sex/PC residualization and per-chromosome REML aggregation; finalized point estimates and
confidence intervals will be presented. For heart rate and blood-pressure traits, interim estimates behave
as expected under covariate control and age restriction; complete REML and partitioned results will be
reported at the meeting.

This work contributes: (1) a practical recipe to compute and aggregate per-chromosome GRMs for total and
partitioned h?; (2) a complementary, cloud-friendly chunked approach for functional partitioning; and (3)
an age-aware residualization strategy that improves power for environmentally labile traits. Together, these
methods enable scalable, interpretable h? estimation and functional attribution in large, heterogeneous
cohorts such as All of Us.
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The GENCODE consortium provides comprehensive reference annotations of all human and mouse protein-
coding genes, pseudogenes, long non-coding RNAs, and small RNAs. Accurate gene annotation is essential
for both genome biology and clinical genomics, as incomplete or erroneous annotation can propagate
significant downstream analytical errors.

Although GENCODE is a well-established community resource, the rapid emergence of new sequencing
technologies and diverse biological datasets presents ongoing opportunities to expand and enhance the
GENCODE gene set for the benefit of its global user base.

Recent developments include:

1. Integration of long-read transcriptomic data: We have developed a suite of bioinformatic pipelines
to automatically incorporate large volumes of PacBio and Oxford Nanopore (ONT) long-read RNA
sequences into the GENCODE gene set. These efforts have expanded our catalog of novel splice variants
and improved the consistency of annotated 5' and 3' UTRs.

2. Improved annotation of small RNAs: By standardizing our workflows and updating the annotation of
small RNA families, we have enhanced the accuracy and usability of GENCODE as a reference resource
for this important class of genes.

3. ldentification of non-canonical ORFs: Using ribosome profiling and immunopeptidomics data, we have
generated a high-confidence catalog of “non-canonical” open reading frames (ORFs) that may represent
functional translation events within IncRNAs and UTRs of protein-coding genes.

4. Extension to new genome assemblies: We have provided GENCODE annotation for the T2T-CHM13
human genome by lifting over and refining models from GRCh38, while also adding novel gene models
where appropriate. In parallel, we are developing strategies to project our annotation onto the emerging
Human Pangenome reference, thus enabling the exploration of its genetic diversity and previously
unresolved genomic regions.

Together, these initiatives extend the depth, accuracy, and scope of the GENCODE catalog, reinforcing its
role as a gold-standard resource for both fundamental genome research and clinical genomics applications.

The GENCODE genesets are the default Human and Mouse annotation used in the Ensembl and UCSC
genome browsers and can also be downloaded from www.gencodegenes.org.
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The advent of long-read RNA sequencing has revealed vast numbers of previously unannotated transcript
isoforms. However, the field lacks a standardized system to identify and track these unannotated isoforms
across studies, assemblies, and databases. Here we present IsoTag, a universal and assembly-free
identification framework that deterministically encodes transcript structures and sequence variants. IsoTag
extends the GA4GH Variation Representation Specification (VRS) to transcripts, employing SHA-512-based
cryptographic hashing to generate reproducible, globally unique identifiers. Applied to large-scale long-read
RNA-seq data, IsoTag achieved memory-efficient processing, cross-assembly consistency, and seamless
integration into existing BAM/SAM workflows via standardized that (i) preserves the isoform Structure

(X1) and sequence Variant (XV) identifiers, and (ii) introduces reversible tags Splicetag (XS) and Boundary
tag (XB) that encode exon junctions and transcript ends as compact hexadecimal coordinates decodable
without a genome FASTA. A Transcript group (XT) identifier supports sample-independent biological
clustering with fuzzy 5'/3' boundaries. By providing the first universal transcript identifier system, IsoTag
addresses a foundational barrier to reproducible transcriptomics, enabling scalable integration across single-
cell studies, population datasets, and reference transcript annotations.

open-source (MIT license): https://github.com/LSBDT/isotag
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As more human genomes are sequenced to telomere-to-telomere or at comparable quality, visualizing

and analyzing human pangenome graphs has become increasingly important for understanding genomic
variations of various sizes, ranging from single-nucleotide variants to large structural variants. Viewing a
human pangenome graph on a laptop has been a major challenge for existing graph genome browsers
because (1) the data size of the graph is large and typically exceeds available memory, and (2) the number of
nodes and edges is so high that the rendered graph becomes too complex to interpret.

To address these challenges, we developed a new scalable pangenome graph browser for large genomes
such as a human pangenome graph. We implemented a lazy-loading mechanism that loads only the
displayed portion of the pangenome into memory, thereby significantly reducing the memory footprint

and the loading time. We also introduced semantic zooming, which displays the graph at varying levels

of detail: as users zoom out, the browser renders a simplified graph to convey the overall structure, while
zooming in reveals finer details such as single-nucleotide variants. The frontend of our pangenome browser
is implemented as a web application in TypeScript, while the backend, including modules for precomputing
reduced graphs and determining graph layouts, is implemented in C++. With these features, our pangenome
graph browser provides smooth user experience comparable to that of Google Maps.
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In recognition of its immense potential to probe biology at previously unprecedented scale, spatially
resolved transcriptomics was named the Method of the Year by Nature Methods in 2020. The scale of the
data generated with this emerging technology is not without its analysis challenges, however. We describe
our approach to analyzing spatial data generated with the CosMx Spatial Molecular Imager (NanoString/
Bruker Spatial Biology (BSB)) in our group, where studies routinely exceed 1 million cells and one large
project currently comprises over 5 million single cells with data collection still ongoing.

Our workflow leverages Amazon Web Services (AWS) for compute and data storage, the Python-based
GPU-accelerated single-cell data analysis libraries ScaleSC and SCVI-Tools for standard single-cell workflows
such as cell QC, normalization, dimension reduction, batch correction, and downstream data analysis, and
the Python-based image visualization tool Napari in conjunction with the napari-cosmx plugin developed by
BSB for interactive data exploration.

Initial preprocessing of CosMx data, including cell segmentation and assignment of spatially resolved
transcripts to cells, is limited to the AtoMx Spatial Informatics Platform (BSB). AtoMx provides a means of
exporting the preprocessed data to Amazon Simple Storage Service (S53), and we utilize Amazon Fargate
with a Docker image of napari-cosmx to process the CosMx images for visualization in napari-cosmx. Using
Amazon CloudFormation, we programmatically generate Amazon Elastic Compute Cloud (EC2) instances
for running napari-cosmx. In addition to automating the napari-cosmx image preparation steps, Fargate
obviates the need to copy the extensive CosMx files stored in S3 to an Elastic Block Store (EBS) volume

on each EC2 instance, thereby saving cost. In summary, our CosMx analysis pipeline is linked by automated
steps that limit the potential for user error while leveraging high-performance computing tools to efficiently
process the large amounts of data generated by spatial transcriptomic experiments.
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Accurate merging of structural variant (SV) calls across large cohorts is hampered by high data volumes,
breakpoint uncertainty, and the complexity introduced by tandem repeat (TR) regions. Many SV merging
tools err on the side of over-merging or under-merging, distorting allelic representation and downstream
population inferences. To address this, we introduce SVX, a scalable, memory-efficient SV aggregation
framework. SVX constructs a proximity-based graph over SV calls (linking calls whose breakpoints lie within
user-specified distance or similarity thresholds), then iteratively refines clusters to preserve allelic diversity.
Crucially, SVX incorporates curated TR catalogs and TR-aware boundary refinement logic, allowing improved
resolution in repetitive regions where breakpoint ambiguity is highest. SVX’s design minimizes memory
footprint and runtime overhead, making parameter sweeps feasible even at cohort scale. In benchmarks

on long-read datasets and a 28-sample Platinum pedigree cohort (with iterative cluster refinement),

SVX showed superior balance between over- and under-merging, maintained heterozygous allele calls,

and improved breakpoint localization in TR contexts relative to baseline greedy merging strategies. The
algorithm is modular and extensible. As SVX continues to mature, we expect it to serve as a core module in
population SV pipelines for long-read data, providing robust, refined multi-sample SV callsets with reduced
merging artifacts.
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The All of Us Research Program (AoU) is building a comprehensive national biobank to advance genomic
medicine in the U.S. While short-read sequencing (SRS) data are available for >500,000 participants, short
reads are limited in resolving complex variants, particularly in highly repetitive regions.

To address this, we utilized Phase | long-read sequencing (LRS) of 1,027 self-identified African American/
black participants to construct a comprehensive variant resource, including SNVs, indels, SVs, repeat
expansions, and more. We identified over 600,000 SVs, > 60% absent from matched SRS data. We identified
473 likely pathogenic SVs overlapping 84 high-priority genes. LRS-based tandem repeat analysis revealed
mutations in FMRT and other clinical loci, including motif changes missed by SRS. We also detected repeat
recombination events affecting BRCAZ2, TP53, and GSTMI.

We next imputed the SVs in 3,202 samples from the 1000 Genomes Project, identifying 8,249 SVs enriched
in African populations. Integration with matched RNA-seq data revealed 889 novel SV-eQTLs, including

for PIK3RI1, a known tumor suppressor, and SH2B3, implicated in autoimmunity and cardiovascular disease.
Moreover, we found thousands of SVs in strong linkage disequilibrium with significant variants fromm NHGRI-
EBI GWAS catalog and leveraged electronic health records (EHRs) from our long-read samples to further
investigate trait associations in Africans. This revealed associations in the same direction but with stronger
effects for diseases such as asthma and breast cancer, suggesting African-enriched risk variants. We also
identified pleiotropic effects of SVs, including associations with cardiovascular and metabolic traits, such as
hypertension, obesity, and metabolic syndrome.

Finally, to further assess the clinical impact of these variants, we imputed SVs in 10,000 short-read African
American AoU participants with linked EHRs and performed a phenome-wide association study (PheWAS).
We identified 291 SV-disease associations across 226 conditions, with 50.9% involving SVs absent from

the matched SRS callset. Fine-mapping revealed SVs were the lead variants over SNVs in 191 associations
(65.6%). Additionally, coding-region associations uncovered previously unrecognized protein-altering
effects. These findings demonstrate SVs as a major source of medically relevant variation, contributing to
missing heritability in complex traits and disease, and underscoring the critical role of long-read sequencing
in advancing precision medicine.
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30x coverage has become shorthand for sufficient genome quality, but it is a blunt, platform-locked proxy. It
neither specifies which regions are confidently assayed nor how complex variants are resolved, and obscures
cost and turnaround time (TAT). We propose a replacement: a configurable Genome Quality Vector (GQV)
that encodes end-use requirements as measurable dimensions, ROl completeness and uniformity; stratified
SNV/indel and SV precision and recall (GIAB benchmarks); difficult region recoverability (repeats, segmental
duplications, GC extremes); phasing contiguity; allele balance; and cost and time as first-class metrics.
Rather than prescribing a single quality proxy, a GQV specifies what must be correct, at what accuracy, for
which regions, and at what cost.

We implement GQV in a reproducible, cloud-native benchmarking stack that pins software, hardware and
references; logs per-step runtime metrics and cloud spend in real time. Using GIAB samples, we analyze
short read datasets (lllumina, Ultima), long read datasets (ONT, PacBio), and hybrid mixtures across diverse
aligner-caller combinations. We define parity with a conventional 30x short read baseline as a composite
distance in GQV space and trace the Pareto frontier for quality-cost-TAT trade-offs.

Multiple technology paths satisfy a given GQV. Short read pipelines remain strong for small-variant calls in
accessible regions at favorable cost and time. Long read workflows improve SV recall, haplotype phasing,
and recoverability in difficult regions. Hybrid strategies provide balanced gains, achieving or exceeding 30x
short read parity across stratified subsets while reducing blind spots; critically, several hybrid coverage mixes
meet GQV targets at lower cost and equal or greater accuracy than is possible by simply increasing short
read coverage. Region-specific weights expose clear trade-offs for applications prioritizing SV resolution,
phasing, clinical ROIls, or rapid turnaround.

By decoupling quality from platform and replacing coverage targets with metric-driven specifications, GQV
enables technology-agnostic procurement, transparent guarantees, and predictive reproducibility of cost,
performance, and analytical accuracy: moving the field from 30x to delivering fit-for-purpose genomes.

(Pipelines, results, sample, and reference data made available in our public GitHub repositories.)
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Single-cell spatial multiomic assays, which jointly measure RNA transcripts and protein markers, offer
unprecedented opportunities for understanding the complex interplay between transcriptional state and
cellular phenotype in complex tissues. However, cell typing in these datasets remains challenging: protein
signals can bleed across segmented cell boundaries, creating mixed or incompatible marker profiles (e.g.,
simultaneous detection of CD3 and CD20), while transcriptomic measurements are often sparse and
stochastic, limiting the reliability of individual marker genes.

To address these challenges, we developed HieraType, a flexible hierarchical cell typing framework that
integrates prior biological knowledge with data-driven modeling. To our knowledge, HieraType is the first
dedicated method for hierarchical cell typing in spatial multiomics and incorporates several key advances:

1. It aggregates correlated expression signals across biologically related genes and proteins to construct
cell type metagene scores; stabilizing noisy features and preserving interpretability.

2. It formalizes marker-based cell typing through probabilistic modeling, transforming an ad hoc process
into a reproducible, quantitative framework.

3. It adaptively weights RNA and protein contributions based on local signal quality, identifying which
analytes best distinguish cell type.

4. It requires no external training data or reference atlas, enabling high transferability across diverse tissue
types and technologies.

Applied to a spatial breast-cancer multiomics dataset (CosMx® Whole Transcriptome assay and 64-plex
CosMx Protein assay, ~147k cells), we benchmarked the agreement between canonical protein and RNA
marker expression and the corresponding cell type labels. We found multiomic derived cell type predictions
often show stronger alignment with canonical protein markers and RNA markers compared with either
modality alone. For example, T cell predictions were more concordant with CD3 protein expression

using multiomics (AUC=0.93) compared to cell typing using only protein data (AUC=0.925) or only RNA
(AUC=0.87). Meanwhile, CD3D RNA expression also improved using both modalities (AUC=0.69) compared
to RNA alone (AUC=0.675) or protein alone (AUC = 0.66). Overall, multiomic cell type labels outperformed
single-omic approaches in terms of supporting marker expression across both analytes.

By leveraging both the reliability of validated protein epitopes and the high dimensionality of the
transcriptome, HieraType provides a robust, interpretable, and biologically grounded framework for cell type
assignment.
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Telomere-to-telomere (T2T) near T2T assemblies can be generated robustly and efficiently for arbitrary
samples using Oxford Nanopore long and ultra-long reads, providing the most complete picture possible of
an organism’s genetic sequence. However, the full utility of these assemblies remains to be demonstrated,
especially in comparison to raw-read mapping approaches. Here we apply ultra-long read based T2T
assembly to six cell lines to demonstrate the power of T2T assembly to resolve potential causes of disease in
otherwise un-interrogatable repetitive and structurally divergent regions of the genome.

Using the GIAB benchmark sample HGOO02, we show that T2T assembly enables accurate genome-wide
calling of small nuclear variants (SNVs) and structural variants (SVs), including in challenging medically
relevant genes (CMRGs). Compared with read-alignment analysis, we see comparable SNV accuracies and
slightly improved SV accuracies.

Balanced chromosomal rearrangements are often difficult to detect with mapping approaches as there

are limited or no coverage signatures, and breakpoints are often in repetitive regions. We generated T2T
assemblies for two cell lines with chromosomal rearrangements that were previously unresolved following
long-read mapping and optical mapping approaches: a Robertsonian translocation and a (balanced)
reciprocal translocation. We were able to identify both rearrangements with breakpoint resolution using our
assemblies. We also characterized a ring chromosome rearrangement with breakpoint resolution.

Spinal muscular atrophy is a disorder caused by loss-of-function of the SMN1 gene. This gene sits in a
variable segmental duplication alongside a nearly identical pseudogene (SMN2). Diagnosis and carrier
status are typically assessed with mapping approaches, resolving the copy number of both SMN1and SMN2.
However, the duplication confounds molecular phasing in the locus, resulting in missed “silent carriers”
where a duplication of SMN1 on one haplotype masks a deletion on the other. We show that T2T assembly
can fully resolve this locus in both haplotypes, allowing the definitive assessment of silent carrier status
without extended pedigrees. Application of T2T assembly to two cell lines with silent carrier-associated
SNVs revealed functional SMNI1 copies in all haplotypes, demonstrating the limited reliability of these
markers.
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Spatial Transcriptomics enables a wide range of biological discoveries by capturing gene expression profiles
across diverse tissue microenvironments. Common approaches to analyze the transcriptomics data include
clustering, cell typing, cell to cell interaction, and pathway enrichment analysis. Achieving high performance
with these methods requires technologies that combine high sensitivity along with fine spatial resolution.
Illumina Spatial Technology (IST) delivers the combination of whole transcriptome coverage, high sensitivity,
and cellular resolution over large sections of tissue samples enabling discoveries. IST achieves cellular
resolution through the combination of high density surface features, accurate cell segmentation, and low
diffusion in the assay.

Accurate cell segmentation requires identification of cells in tissue images as well as precise alignment of
tissue images with transcript data. After using a diverse and curated custom dataset combined with expert
annotation of fresh frozen tissue images for training, our Al model achieves high nuclei segmentation
accuracy with F1scores > 0.8. The accuracy of our fiducial based image alignment is validated using feature
based alignment of H&E image and spatial transcript data across various sub-regions where all sub-regions
show alignment error of < 1pum.

To address the lack of systematic methods available to assess spatial resolution across tissue types, we
introduce a set of versatile tools for evaluating resolution. In addition to the aforementioned feature based
alignment, we also provide methods to measure nuclear/intronic transcript diffusion and cell marker gene
diffusion measurement, which are applicable across tissue types. For example, using IST applied to mouse
brain (coronal) tissue sections, we show high transcript localization by finding that up to 80% of the nuclear
transcripts are located within the cell bins. Furthermore, our innovative framework incorporates cell typing
confidence and local environment score to enable systematic assessment of annotation accuracy. Lastly,

we highlight a diffusion-model based fractional transcript counting strategy that reveals more biologically
meaningful cell types.

Using this toolbox, we also demonstrated that IST has superior resolution compared to other ex-situ
technologies. Moreover, whole transcriptome combined with sufficient spatial resolution can potentially
enable it to deliver biological findings beyond the capabilities of targeted panel in situ technologies.

For Research Use Only. Not for use in diagnostic procedures.
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Phage genome assembly remains a significant challenge in microbial genomics due to fragmented
assemblies, contamination from host genomic material, and limitations of current phage genomes available
in public databases. Many bacterial reference genomes contain incomplete or misannotated prophage
regions, leading to ambiguous or misleading taxonomic classifications when assembling fromm metagenomic
or isolate-derived sequencing data. These issues are compounded when using short-read technologies
alone, where tools like SPAdes or Unicycler can often produce fragmented contigs that are difficult to
resolve and interpret.

In this study, we present a targeted approach to improve phage genome assembly by leveraging high-
quality, authenticated microbial reference genomes from the ATCC Genome Portal. By aligning lllumina reads
to these curated bacterial references, we perform precise in silico de-hosting against the bacterial strains the
phages were originally isolated from to remove host-derived genetic material prior to assembly. This step
significantly reduces background noise and improves the specificity of downstream assembly pipelines.

Despite these improvements, short-read assemblies alone often produce fragmented or incomplete phage
genomes. To address this, we incorporate Oxford Nanopore Technologies (ONT) long-read sequencing of
phage-enriched material, followed by assembly using Autocycler, a pipeline optimized for circular genome
detection and resolution. The resulting assemblies are highly contiguous and frequently yield complete,
circularized phage genomes. Subsequent polishing with lllumina data is then leveraged to correct base-level
errors and enhance SNP resolution.

This hybrid approach enables the recovery of high-quality phage genomes, even from samples with
substantial host background data. Our results demonstrate that combining curated reference-guided
de-hosting with long-read sequencing and hybrid polishing produces significantly improved assemblies
compared to traditional short-read-only shotgun approaches.

This work underscores the importance of curated reference genomes and tailored assembly strategies in
phage genomics. It also provides a scalable framework for researchers seeking to recover complete phage
genomes from isolate or metagenomic samples. The resulting phage genomes are actively being published
on the ATCC Genome Portal, offering the scientific community access to high-quality phage genomes for
enhanced downstream analysis.
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Modern bioinformatics pipelines generate complex, multi-layered results, creating interpretation bottlenecks
as omics datasets scale. Researchers must navigate scattered output files and write custom code to access
their own data, follow-up questions require analyst intervention, and static reports cannot address the
iterative exploration essential to biological discovery.

OMICS-query is an Al-powered system that autonomously orchestrates multiple data analysis tools to
answer complex biological questions. OMICS-query is a hybrid system in which structured data retrieval
precedes LLM interpretation. This database-first architecture is essential: full-featured analysis pipelines like
the ones found in NF-Core produce datasets that routinely exceed millions of rows, far beyond any LLM's
context window, and require complex joins and statistical operations that only a relational database can
reliably execute.

After an automated ETL pipeline transforms analysis results into a normalized relational database, the
system employs LangChain's framework with ReAct logic powered by Google Gemini, using an intent
classifier to route queries to specialized prompts that guide the LLM through different reasoning modes.
This task-based architectural separation ensures precision for statistical operations while enabling rich
interpretations and interactive visual outputs.

Using the NF-core RNAseq pipeline as an example, we show how agentic Al frameworks can democratize
access to complex omics datasets, enabling researchers to independently explore their results, while
reducing analyst support burden. OMICS-query successfully responds to diverse query types across the
analytical spectrum, with an accuracy that in preliminary testing reached 90%: users can discover regulatory
patterns ("show me the comparison with the most differentially expressed genes"), explore functional
consequences ("what pathways are enriched in downregulated genes in differentiated vs non differentiated
cells?"), assess data quality ("detect outlier samples from the correlation matrix"), and seek guidance on
their experimental design or analysis (“how should | handle these outliers?”). The system automatically
generates publication-ready visualizations and reports while providing scientifically accurate explanations of
methods and results in a biological context. The conversational interface maintains context across follow-up
questions, enabling iterative data exploration without analyst intervention.

The OMICS-qguery architecture is readily extensible to other nf-core pipelines and omics data types, offering
a scalable solution for modern genomics and bioinformatics facilities.
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Systemic lupus erythematosus (SLE) is a complex and heterogenous autoimmune disease characterized by
the expansion of extrafollicular pathogenic B cells derived from newly activated naive cells. Ultimately the
production and deposition of autoantibodies results in damage to multiple organ systems. Therefore, further
defining the molecular drivers of extrafollicular B cell differentiation and antibody production is important to
ultimately prevent and treat SLE. Genetic variants uncovered by GWAS studies only explain a portion of SLE
heritability, with most polymorphisms located in non-coding regulatory elements. Expression Quantitative
Trait Loci (eQTL) approaches functionally associate non-coding variant alleles with gene expression and

cell type abundance changes to facilitate functional annotation of disease associated genetic variation and
uncover alterations in gene regulatory networks that contribute to autoimmunity. However, no eQTL study
to date has focused on SLE individuals of African ancestry (AFR), despite the higher disease prevalence

and burden in this group. Here, we integrated whole genome sequencing with scRNA-seqg and scATAC-

seq data on B cells obtained from 58 individuals with SLE, including 46 AFR, 7 European ancestry, and 5
healthy controls. We identified thousands of eQTLs where genetic variation correlated with changes in
transcription in B cells. Analysis of B cell subsets including extrafollicular, naive, and switched memory cells,
revealed eQTLs that were unique to distinct cell types and may promote the altered differentiation profile of
B cells observed in SLE. These analyses provide risk alleles and cellular pathways specific to SLE that may
contribute to pathogenic B cell responses in autoimmunity.
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Background:

Cell-free DNA (cfDNA) in plasma carries a wealth of molecular information that can be leveraged for cancer
detection, monitoring, and minimal residual disease assessment. This information encompasses not only
genetic variation, such as somatic mutations and germline polymorphisms, but also epigenetic features,
including DNA methylation patterns reflective of tissue of origin and tumor-specific alterations. However,
current sequencing methods struggle to detect both methylation and genetic variation in short-fragment,
low-input samples such as cfDNA. To address this, we previously developed TET-assisted pyridine borane
sequencing (TAPS), a bisulfite-free chemistry that selectively converts methylated cytosine to thymine,
while preserving the integrity of the underlying DNA sequence. The assay has now been turned into a
commercially available product (“TAPS+”). TAPS+ yields high-complexity, low-error libraries with base-
calling and mapping quality comparable to standard whole-genome sequencing (WGS), in principle enabling
both methylation and mutation analysis from a single dataset.

Methods:

We have now developed rastair, a robust, performance-optimized toolchain that enables simultaneous
genotyping and methylation profiling from TAPS sequencing data. Rastair employs a set of context-aware
machine learning models to accurately distinguish true variants from TAPS-induced base conversions and
sequencing artifacts. At the same time, it extracts per-position and per-read methylation information across
the genome, allowing direct integration with downstream cell-type deconvolution tools and epigenetic
classifiers.

Results:

Applying rastair to cfDNA samples sequenced to a median coverage of 15x, the variant caller achieved over
95% precision and 95% recall, on par with current best-in-class genotyping algorithms applied to matched
WGS samples. Accurate detection of genetic variants also improved the precision of methylation calls,
particularly in regions harbouring CpG-proximal SNPs. Importantly, rastair extends methylation profiling
beyond canonical CpG reference sites, identifying methylation at over 500,000 CpG sites unique to an
individual. Together, these results demonstrate that TAPS combined with rastair provides a unified platform
for comprehensive cfDNA analysis, enabling simultaneous characterization of both genetic and epigenetic
tumor features from a single sequencing assay.
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The continual expansion of large-scale genomics datasets provides powerful prior knowledge for sequence
analysis. The human pangenome reference from the Human Pangenome Reference Consortium (HPRC) is
a prime example, with the Year 2 release substantially increasing the number and diversity of assembled
haplotypes over the initial version. Utilizing a pangenome reference improves accuracy in read mapping
and genotyping, and to fully harness the enriched information in this latest release, we have advanced our
pangenome-aware DeepVariant.

DeepVariant is a highly accurate variant caller that creates images of read pileups at candidate variant

sites and employs a Convolutional Neural Network (CNN) to classify genotypes. In this work, we enhance
our model by integrating the Year 2 HPRC pangenome. A key innovation is the incorporation of haplotype
sampling, which allows the model to efficiently leverage the vast diversity within the expanded pangenome.
This augmentation provides the CNN with a rich set of local haplotype examples, enabling it to more
effectively distinguish true genetic variants from alignment artifacts.

Our updated approach demonstrates a significant leap in performance. Building on our previous success,
which reduced variant calling errors by up to 25% with the initial pangenome, the integration of the Year 2
reference and haplotype sampling achieves even greater accuracy, further reducing errors by more than 10%
with respect to the initial pangenome. The improvements are most pronounced when using models trained
exclusively on alignments from the graph aligner, vg, further narrowing the gap to perfect variant calling.

This work underscores that as pangenome references grow in scale and quality, so too must the methods
that utilize them. Our enhanced pangenome-aware DeepVariant demonstrates a powerful and scalable
approach to maximizing accuracy, with direct implications for both genomics research and precision
medicine.
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Multiomic analysis provides a powerful framework for uncovering causal variants and mechanisms in

rare Mendelian diseases. However, the integration and interpretation of heterogeneous datasets remain a
major challenge. To address this, we developed GENE-OM (Genomic & Epigenomic Network Explorer for
OMics), a full-stack web application designed to streamline the loading, organization, and visualization of
multiomic data. Built with Nuxt3/Vue 3/TypeScript and supported by PrimeVue and Pinia, GENE-OM offers
an intuitive browser-based interface with interactive tables and search functionality. The backend, powered
by Spring Boot 3 and PostgreSQL, supports RESTful APIs for secure, role-based access and integration
with both local and cloud-based data sources. As a proof of concept, GENE-OM was applied to a rare
X-linked congenital ataxia (SCAX5) affecting six males across three generations in a large American family
of Norwegian descent. Using our GENE-OM platform, we efficiently reproduced prior results, uncovering a
complex structural variant characterized by chimeric insertions from chromosomes 7 and 9 into the Xqg25-
g271 region. These insertions generate novel, tissue-specific chromatin loops that disrupt local 3D genome
architecture. This disruption leads to an eightfold upregulation of the neuronal gene SL/TRK4 and a 50%
downregulation of the neurodevelopmental transcription factor SOX3. The resulting dual gene dysregulation
potentially impairs neuronal development through converging mechanisms. Integration of RNA-seq data
with ChIA-ATAC-derived differential peaks and loop structures via GENE-OM enabled rapid, mechanistic
insights into the regulatory consequences of this variant. Future development will expand GENE-OM'’s
capabilities to integrate orthogonal omics datasets, facilitating the discovery of pathogenic mechanisms
driven by noncoding variation in unresolved rare disease cases.
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Structural variants (SVs) represent a major source of human genomic variation, yet accurate detection
remains challenging, especially for somatic events in cancer. We present MambaSV, a GPU-native deep
learning based SV caller designed to detect germline and somatic SVs from long-reads. MambaSV preserves
single-base resolution while modeling megabase context, enabling simultaneous local signal detection and
long-range interpretation of alignments.

MambaSV operates on both single BAM (germline) and tumor-normal pairs (somatic) settings. It formulates
SV discovery as a per-base classification problem. For each base we compute a 30-feature vector
summarizing read statistics (e.g., mapping quality, base quality, CIGAR, supplementary alignment evidence),
then feed it into a bi-directional Mamba2 backbone for efficient long-context modeling. We separately
compute features across three channels (haplotype 1, haplotype 2, and unphased). A Siamese architecture
ingests tumor and normal feature streams with shared weights, and haplotype matched pairs are fused

to predict haplotype resolved germline and somatic SVs in a single forward pass. Postprocessing then
aggregates contiguous positive bases into breakpoints spanning five SV classes (INS, DEL, INV, DUP, and
BND).

On real germline benchmark HGOO02, we noted instances in which the public GIAB 2024/11 truth SV callset
and read alignment (HGO02_PacBio-HiFi-Revio_20231031_48x_CHM13v2.0. bam) file was incongruent. We
therefore manually curated over 10,000 discordant structural variant calls including false positives and false
negatives identified across multiple methods (Sniffles2, CuteSV, DeBreak, Severus, Sawfish, SVision-Pro,
PBSV, and SVIM) to construct a high-confidence reference benchmark. On this curated truthset, MambaSV
achieved 95.21% F1, while eight baselines ranged from 67-90%F1.

To evaluate breadth across five SV classes in both germline and somatic contexts, we built a comprehensive
SV simulator for PacBio HiFi and ONT: matched tumor-normal genomes with SNP/INDEL backgrounds
(database-driven + random), reciprocal and fusion translocations, variable allelic fractions, and haplotagging
via 3rd party tools. Trained exclusively on HiFi BAMs, MambaSV achieved F1 scores of 96.37% (HiFi) and
94.93% (ONT) on simulated germline datasets with >46,000 SVs, surpassing the best-performing baseline
DeBreak (85.66%/85.36%). For somatic calls, MambaSV attained F1 scores of 92.27% (HiFi) and 89.32%
(ONT), outperforming Severus (69.18%/70.31%) and additional somatic baselines SVision Pro, SAVANA, and
nanomonsv).
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Transcriptional regulators (TRs) control gene expression programs that define cell identity and functions.
Advances in single-cell and spatial omics technologies now enable high-resolution profiling of cellular states
and microenvironments, yet identifying functional TRs from such data remains challenging. Built upon

our BART framework for functional TR prediction, we develop BARTsc and BART-spatial, computational
tools for systematic prediction of TRs from single-cell and spatial omics data, respectively. BARTsc infers

TR activity by associating differential genomic features across cell groups with thousands of public ChlP-
seq profiles, enabling accurate identification of regulators shaping cell-type-specific signatures. BART-
spatial further extends this framework to spatial omics, integrating spatial variability and pseudo-temporal
dynamics to capture TR activity even when the gene expression levels are low. Validated on mouse cortex,
human PBMCs, pancreatic ductal adenocarcinoma (PDAC), and 10x Visium HD datasets, BARTsc and
BART-spatial consistently outperforms existing methods, revealing lineage-defining and disease-driving
regulators overlooked by expression-based analyses. Together, BARTsc and BART-spatial provide a unified,
interpretable computational strategy for decoding transcriptional regulation from high-dimensional single-
cell and spatial omics data, advancing our understanding of cellular identity, tissue organization, and disease
mechanisms.
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Single-cell transcriptome sequencing provides high-resolution insights into cellular heterogeneity and gene
regulation. However, conventional short-read approaches are limited in capturing full-length transcripts,
resolving isoform diversity, and identifying unannotated variants. Long-read sequencing technologies,

such as PacBio and Oxford Nanopore, overcome these constraints by enabling full-length transcript
characterization and detection of alternative splicing, gene fusions, isoform switching, and single-nucleotide
polymorphisms (SNPs) within distinct cellular subpopulations. We developed the Long-Read Single-Cell
Analysis Pipeline (LR_SCAP), an integrative framework for comprehensive analysis of single-cell long-read
transcriptomic data. LR_SCAP includes modules for quality control, preprocessing, cell calling, barcode
correction, clustering, isoform classification, transcript quantification, cell-type annotation, and variant
detection. The pipeline allows users to customize workflows by selecting supported tools and automatically
generates interactive, HTML-based reports summarizing outputs at each stage. By unifying the long-read
single-cell analysis process across sequencing platforms, LR_SCAP provides an efficient, flexible, and
accessible solution for high-resolution transcriptomic profiling and characterization of cellular diversity.
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DNA methylation (DNAmM) is essential for brain development and function and may mediate genetic

risk for brain disorders. Previous studies have identified genetic variants associated with DNAm levels in

the human brain, but largely in bulk tissue and at CG sites, overlooking non-CG (CH) methylation that is
enriched in neurons postnatally and crucial for synaptic function. We extend INTERACT, a deep learning
model, to predict DNAmM regulatory variants across 184 human brain cell types in both CG and CH contexts.
INTERACT accurately predicts cell type-specific DNAm profiles and identifies distinct transcription factor
(TF) programs, with CH-associated TFs under greater evolutionary constraint than CG-associated TFs.
Common variants affecting CG methylation—far more than CH—are enriched in cell type-matched active
regulatory regions and show strong heritability enrichment for brain-related traits and disorders. In contrast,
noncoding de novo mutations with large effects on CH methylation—but not CG—show greater overlap

with high-confidence risk genes for autism spectrum disorder in probands versus unaffected siblings. Our
study demonstrates that deep learning can identify functionally relevant, cell type-specific DNAmM regulatory
variants and reveals distinct epigenetic mechanisms by which common and rare genetic variation contribute
to brain disorders.
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Interstitial cystitis/bladder pain syndrome (IC/BPS) is characterized by urinary frequency, urgency, and

chronic bladder pain. The condition is associated with poor quality of life, significant comorbidities, and
limited treatment efficacy due to unclear etiology. This study aimed to better define the biological and

clinical landscape of IC/BPS through integrated genomic, proteomic, and psychiatric analyses.

Comorbidities were extracted from medical records, and psychiatric evaluation (N=43) was performed
using the Structured Clinical Interview for DSM-5 (SCID-5). Urine proteomics (176 cases, 55 controls)

were analyzed using the Olink Explore 384 Inflammation panel. Exome sequencing and electronic
genome mapping (EGM) using the Nabsys OhmX Platform (N=248) were combined with data from the
Maryland Genetics of Interstitial Cystitis (MaGIC) cohort (N=348 total) and compared to 11,981 controls.
Analyses included gene-based collapsing, gene set, exome-wide association (ExWAS), trio, and diagnostic
approaches.

Psychiatric testing revealed that 70% of participants met DSM-5 diagnostic criteria for at least one
psychiatric disorder, most commonly depressive and anxiety disorders (55%). Proteomic profiling identified
13 differentially expressed proteins and enrichment of cytokine-cytokine receptor interaction, chemokine
signaling, and IL-17 pathways. Collapsing analyses highlighted new candidate genes (e.g., DYXICI, HTR7)
and a novel association with the “small molecule transport” gene pathway. Associations with previously
implicated Mendelian disease genes (ATP2C1, DCAFS8, SIX5, ENAM, ATP2A2) were further strengthened
(OR=7.4, CI=1.6-26.4, p=0.005), and comorbid anxiety increased the likelihood of carrying a variant in these
genes (OR=29.2, CI=3.0-146.6, p=0.003).

EGM identified a breakpoint fusion supportive of a translocation t(3;9) involving NOTCHT in a genome
assembly from one individual, which was confirmed using SV-Verify and long-read sequencing. Notably,
ATP2C1 dysfunction has been shown to impair Notch1 signaling, suggesting potential mechanistic overlap.

Together, these findings provide insight into the genetic, proteomic, and psychiatric factors contributing
to IC/BPS, supporting a complex, multi-system basis for disease risk and emphasizing the importance of
integrated biological and clinical characterization.
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In a viral pandemic, as was observed for the SARS-CoV-2 event, the etiological agent will likely be derived
from a single clone, but variants will occur in response to immunological pressure. As such, a rapid and
inexpensive viral genome sequencing protocol will be required in order to follow the development of the
virus. In the recent pandemic, we applied a modified viral sequencing protocol developed originally for
high throughput profiling of 16S rRNA sequences for taxonomic profiling in microbiome studies. Using this
protocol, we were able to sequence thousands of SARS-CoV-2 genomes for a fraction of the standard cost
and with a minimum of manual labor. We have now adapted and streamlined this protocol for rapid viral
genome sequencing of any viral pathogen. The modified protocol, the Pathogenic Virus Amplification and
Sequencing Protocol (PVASP), is quicky applicable to any viral pathogen once the sequence of the original
clone is known. It is technically very simple and easily scaled to thousands of samples. Importantly, cost per
sample is very low and inversely proportional to the number of samples.

The data included in this study was generated in the Genomics Core at Virginia Commonwealth University.
This work was supported through the Pathogen Genomics Center of Excellence program from the Virginia
Department of General Services and the Centers for Disease Control.
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Alzheimer’s disease (AD) induces complex molecular and cellular alterations that are spatially
heterogeneous across distinct brain regions. Emerging spatial omics technologies offer powerful tools to
elucidate the spatial context of these changes and provide a deeper understanding of microglial involvement
in AD progression. We have recently integrated single-cell RNA sequencing, immunohistochemistry

(IHC), and spatial transcriptomics to investigate microglial transcriptional states in relation to amyloid
plagues and neurofibrillary tangles (NFTs). Our findings reveal that microglial states in AD brains are
heterogeneously distributed, with activated microglia significantly enriched in the external cortical layers
and proximal to amyloid plagues, while homeostatic microglia are predominantly located in the internal
cortical layers and distal from plaques. We are currently employing advanced technologies to characterize
transcriptional changes associated with AD lesions at single-cell resolution. Furthermore, we propose an
integrative approach combining high-resolution spatial proteomics using the EVOS S1000 Spatial Imaging
System with spatial transcriptomics via 10x Genomics Visium HD, applied to the same tissue section

from post-mortem human brain donors with neuropathologically confirmed and clinically diagnosed AD.
This dual-modality strategy enables simultaneous mapping of protein and gene activity within the same
anatomical regions, preserving cellular architecture and microenvironmental context. Spatial proteomic
analysis of immunofluorescence-stained tissue using specific cellular markers (CD68 for activated microglia
and P2RY12 for homeostatic microglia) will validate regions of microglial activation and correlate them
with AD pathological markers (pTAU and AB). In parallel, spatial transcriptomic profiling of the same
histopathological regions will generate distinct gene expression signatures associated with microglial
activation, neuronal loss, and vascular dysfunction throughout AD progression. By integrating multi-omics
data across various brain regions, this approach will uncover convergent molecular pathways and cell-type-
specific responses unigue to each region and stage of AD. Ultimately, this spatial multi-omics framework
will contribute to the development of a comprehensive spatial atlas, offering novel insights into the
pathophysiological landscape of AD progression.
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Using short-read single-cell RNA sequencing, we have previously mapped gene expression dysregulation
across large cohorts of healthy and inflammatory bowel disease (IBD) samples (Krzak et al.,, 2024; Alegbe
et al, 2025). Recent advances on Long-read single-cell RNA sequencing (Ir-scRNA-seq) now enables direct
measurement of isoforms at single-cell resolution, offering an unprecedented view of how alternative
splicing contributes to disease mechanisms, gene regulation, and therapy response.

We generated long-read single cell RNAseq data (Ir-scRNA-seq) on Pacbio Revio across 61 gut tissue
samples, yielding around 90 million reads per sample (median Q30; mean read length 500-700 basepairs).
Quality metrics showed high concordance between short and long-read datasets (correlation coefficients:
UMIs per cell = 0.88; genes per cell = 0.92). We identified 264,130 transcripts in eight different cell types,
39.5% of which are novel. Novel transcripts show complex patterns of alternative splicing including
alternative acceptor/donor splice sites, exon skipping and exonisation of intronic regions. Differential isoform
usage analysis revealed 1,818 genes whose isoform composition differs significantly between healthy and
IBD individuals. Notably, only 0-26.5% of these genes show differential gene expression within a given cell
type, indicating that disease-associated isoform usage dysregulation is largely distinct from gene expression
dysregulation.

To systematically chart isoform dysregulation in IBD, we are generating the largest Ir-scRNA-seq resource
to date across two complementary subcohorts. IBDverse aims to uncover genes, cell types, and pathways
driving Crohn’s disease susceptibility and severity through Ir-scRNA-seq of terminal ileum biopsies (n =

15) and PBMCs (n = 121) from patients, plus terminal ileum biopsies from healthy individuals (n = 228).
IBDResponse: Focuses on identifying and validating predictive models for response to advanced IBD
therapies. We will generate long-read scRNA-seq from PBMCs (773) collected before and 14 weeks after the
first dose of advanced therapy. These datasets will provide a cell-type resolved map of isoform diversity in
IBD, and a framework for linking splicing variation to disease mechanisms and therapeutic response.

References:
Alegbe et al., 2025; Jiang & Chen, 2021; Krzak et al., 2024.
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Spatial transcriptomics and proteomics help uncover novel biology, guide biomarker discovery, and support
drug development. However, data driven frameworks on integration of these technologies in clinical research
are lacking. We evaluated multiple spatial single-cell transcriptomic (CosMx, Xenium) and proteomic (CosMx,
Cellscape, Phenocycler) platforms for intra- and inter-sample data variance, as well as detection efficiency
and confidence, to understand how data quality metrics influenced accuracy of downstream cohort level
analyses and biological discovery. Using this spatial single-cell atlas of over 3 million cells from inflammatory
bowel disease, with orthogonal in-vitro validation of observations made for cellular interactions, we
identified key data confidence metrics which influenced accuracy in downstream analyses for clinical
research. Multi-platform spatial single-cell multi-omics was subsequently used to define optimal RNA or
RNA + protein based annotation approaches to ensure accurate cellular localization of identified biological
pathways. Finally, using pre-post treatment data from multiple cohorts of inflammatory bowel disease
patients undergoing treatment with several biologic medications, we applied this data driven framework on
a spatial single-cell transcriptomics atlas of over 10 million cells to validate its application for discovery of
biological mechanisms of treatment resistance. Through these multi-modal spatial analyses, with orthogonal
lab based in-vitro validation of cellular interactions, we have developed and implemented a framework

for integration of spatial single-cell transcriptomics and proteomics into clinical research programs. We
anticipate this framework will shape future integration of these technologies in clinical research and clinical
trials.
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The Western Capercaillie (Tetrao urogallus), Europe’s largest woodland bird and a boreal forest specialist,
has undergone pronounced declines in southern Sweden due to habitat loss, fragmentation, and isolation.
Tyresta National Park and its surrounding forests host one of the last remaining southern populations, yet its
genetic status and dietary ecology remain poorly understood. Here, we applied low-coverage whole-genome
sequencing to 273 non-invasively collected feather and faecal samples to assess population health, structure,
and diet. Feather-derived data provided high-quality genomic information, enabling sex identification,
estimates of genome-wide heterozygosity, runs of homozygosity (ROH), and relatedness inference.
Heterozygosity levels were comparable to those of other European populations, and overall inbreeding

was low, although several individuals exhibited long ROH indicative of recent close-kin mating. Population-
structure analyses identified a genetically distinct yet largely panmictic unit, with evidence of female-

biased dispersal. Kinship analysis revealed a highly interconnected network, with males having, on average,
more relatives than females. Genotype-based recapture simulations estimated a current population size of
164-208 individuals. Faecal metagenomics indicated a diverse diet dominated by key plant taxa such as
blueberry (Vaccinium myrtillus), lingonberry (V. vitis-idaea), and alder (Alnus spp.), along with a broad array
of invertebrates crucial for chick development. Despite its current genetic robustness, the Tyresta population
remains small and isolated, making it vulnerable to future inbreeding and demographic stochasticity.
Conservation actions should focus on maintaining habitat quality, promoting gene flow, e.g. by protecting
migration corridors to neighbouring populations and ensuring a rich forest invertebrate community to
support population resilience. The results underscore the utility of low-coverage genome analyses of non-
invasive samples for the wildlife management.
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Alzheimer’s disease (AD) is a complex neurodegenerative disorder driven not only by amyloid and tau
pathology but also by dynamic interactions among diverse brain cell types. Understanding how neurons
and glial cells coordinate or fail to coordinate within the native three-dimensional (3D) tissue context is
essential to uncover mechanisms of neurodegeneration. We developed and applied a single cell 3D spatial
transcriptomic framework to systematically map cellular heterogeneity, molecular states, and spatial
organization across disease relevant brain regions in AD. Using high resolution 3D spatial transcriptomic
profiling of APP/Tau double transgenic mouse brains, we reconstructed the spatial topology of neuronal
and glial networks at single cell resolution. Integration of cell type specific transcriptional states with
spatial coordinates revealed region specific remodeling of neuron glia communication, including microglial
activation gradients, astrocytic network expansion, and oligodendrocyte lineage disruption aligned with
amyloid and tau pathology. Through computational inference of ligand receptor signaling within 3D space,
we identified pathogenic communication hubs linking glial reactivity to neuronal stress responses and
synaptic vulnerability. Cross modal integration with imaging derived pathology maps further connected
these signaling networks to amyloid deposition and neuroinflammatory hotspots.

Ongoing work extends this approach to postmortem human AD tissue, enabling cross species comparisons
of conserved cellular states and spatial signaling modules. Collectively, this study demonstrates the power of
3D single cell spatial transcriptomics to decode the molecular logic of cell cell interactions in complex brain
circuits and provides a scalable framework for spatial systems biology in neurodegeneration.

Keywords:
single-cell, 3D spatial transcriptomics, Alzheimer’s disease, neuron-glia interactions, spatial omics, amyloid
plagues
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Heart transplantation provides significant improvement in survival and quality of life for patients with end-
stage heart disease. Significant risk of survival of the transplanted heart is attributed to post-transplant
rejection phenotypes which can take years of the lifetime of the allograft. Clinical standard-of-care

for the evaluation of heart transplant acute cellular- or antibody mediated rejection includes routine
endomyocardial biopsy (EMBx) followed by visual assessment by histopathology for immune infiltration

and cardiomyocyte damage. Biomarkers such as plasma cell-free DNA adds prognostic and diagnostic
capabilities above and beyond conventional histology. We set out to assess spatial transcriptomics and deep
proteomics/metabolomics profiling in 384 EMBx and plasma timepoints from 60 heart transplant recipients
during the first 12-months post-transplant. We utilized lllumina Spatial Transcriptomics for EMBx, SomalLogic
Proteomics (lllumina) of 9,500 protein targets, and Orbitrap metabolomics (Thermo) on all 384 timepoints.

From these data, we observed overall clear discrimination in profiles between clinical ACR and AbMR

and non-rejection EMBs (Grade OR or 1R) as defined by the International Society for Heart & Lung
Transplantation (ISHLT), with most significant genes/gene-products comprising immune and inflammatory
pathways (p < 10-5) by KEGG/Reactome. Evaluating the non-rejection EMBs in more granularity reveals a
wide range of transcriptomic/omic profiles, with a subset exhibiting the gene expression hallmarks of ACR.
We show that ACR histologically graded OR/1R EMBs, which immediately precede an ACR event, exhibit

a distinct ACR-like gene expression profile which has a classification accuracy of >95% in these datasets.
Fuzzy c-means clustering shows concordance results with rejection related phenotypes. These molecular
signatures may significantly benefit diagnoses and prognoses of acute rejection and may have value with
conventional histopathology in these highly vulnerable patient populations.
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The pancreatic islet is a complex micro-organ that requires the presence of, and interactions between,
multiple cell types within the islet microenvironment for proper functioning. Using spatial molecular imaging
(SMI), our group has begun to unravel the genetic bases of these essential cell-cell interactions within the
human islet. However, our previous work utilized single sections of human pancreas, with limited tissue
depth, to delineate structure-transcriptomic relationships within these micro-organs. Utilizing serial FFPE
tissue sections on the CosMx SMI, we have now reconstructed the first known 3D subcellular representations
of the human whole transcriptome in non-diabetic and type 1 diabetic islets at sub-micrometer resolution
with more than 60 microns of tissue depth. These reconstructions demonstrate significant relationships
between the composition and architecture of islet cell neighborhoods and transcriptomic variation within
cell types (e.g., between beta cell subpopulations). Notably, interrogation of cells at the border of the
endocrine-exocrine interface of the islet reveals differences in transcriptomic, and potentially, functional
identities between cells of the same type. These findings represent a significant leap forward in both spatial
biology and in understanding of the 3D organization of the pancreatic islet in healthy individuals and in
those with type 1 diabetes.
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Sudden Unexpected Infant Death (SUID), the third leading cause of infant death, has increasing incidence
and multifactorial etiology. Identification of preventative interventions has historically been hindered by
etiologic studies limited to genetic or environmental effects in isolation. Here we report a multifactorial
genome x environment analysis of SUID risk. Births in San Diego County California from 2005-2018 were
linked to hospital discharge summaries and death files, yielding 212 SUID cases and 620,392 infants alive
at age 1 year. Whole genome sequencing (WGS) identified probable or possible genetic etiologies in 16%
and 48% of SUID cases, respectively. Genetic risks were heterogeneous with 144 loci contributing 173 risks
in 57% of SUID cases. Genetic risk was very strong (Prevalence Risk Ratio, PRR >99) or strong (PRR 3.7
-99)in 12% and 34% of SUID cases, respectively. There was considerable overlap between loci identified
by WGS in this study and a previous similar study (e.g. TTN-dilated cardiomyopathy 1G, TSCl-tuberous
sclerosis, RYR2-catecholaminergic polymorphic ventricular tachycardia, DSP-dilated cardiomyopathy,
NOTCH1-Adams-Oliver syndrome 5, CACNATH-familial hyperaldosteronism IV, and FLNA-Melnick-Needles
syndrome). Additionally, several unifying SUID mechanisms were evident (genetic risk for seizures/SUDEP;
cardiac disorders associated with arrhythmias, sudden death or acute heart failure; immunodeficiencies; and
breathing or respiratory disorders). Eighty-three percent of the identified genetic risks have preventative
or therapeutic interventions available. Six of sixteen significant environmental risks, including very preterm
delivery and respiratory distress syndrome, lost significance when SUID cases without strong or very strong
genetic risk were compared with infants alive at age 1 year. In contrast, SUID risk associated with prenatal
cannabis increased from adjusted hazard ratio (aHR) 3.7 to 6.0, other substance abuse from aHR 2.6 to
3.5, and black race from aHR 1.9 to 2.5. Thus, genome x environment analysis of a large cohort unveiled
etiologic heterogeneity, hidden SUID risks, and highlighted cannabis and genetic diseases as strong risk
factors. Synthesis of WGS with traditional epidemiologic knowledge has the potential to create a unified
understanding to inform new precision preventative interventions. Educational campaigns for SUID should
emphasize prenatal cannabis avoidance and newborn screening by WGS has potential for substantial SUID
reduction.
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The developmental Genotype Tissue Expression (dGTEX) project, an expansion of the adult GTEx project,
aims to profile tissue-specific gene expression patterns throughout developmental stages in humans and
non-human primates. Among the sampled tissues, the testis follows a distinct developmental trajectory, with
substantial structural and functional maturation during infancy, childhood and puberty. This process has

to be tightly regulated, as any disruptions in spermatogenesis can lead to life-long infertility. However, our
understanding of how testicular tissue is modulated throughout development remains poor.

Here, we applied lllumina Spatial Technology (IST), with a 50 x 15 mm capture area, to map gene expression
within intact testicular architecture. In a single assay we profiled testicular tissue sections from six

human donors, spanning from infancy to late adolescence, capturing the temporal and spatial molecular
mechanisms underlying the onset of spermatogenesis.

We identified spatially variable genes and corroborated marker gene expression using bulk RNA-seq data
obtained from the same tissue biopsies. This cross-validation confirmed that the spatial IST technology
and bulk RNA-seq profiles were consistent, and subsequent comparison with the 10x Visium HD 3' platform
showed broadly concordant results, albeit with noticeable differences in absolute and relative expression
levels. Segmentation of individual seminiferous tubules into distinct neighborhoods allowed us to examine
temporal trajectories both across and within time points, enabling computational reconstruction of tubule
development at multiple time resolutions. This facilitated the mapping of state-specific signaling pathways
and the associated microenvironmental remodeling over developmental time.

This integrated developmental spatial framework provides insight into human testicular maturation and the
regulatory programs that shape male reproductive development throughout puberty.
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Elucidating epigenetic impacts on phenotypic variation involves characterization of multiple epigenetic
modifications including DNA 5-hydroxymethylcytosine (5hmC), a stable, transcription permissive mark
highly enriched in the brain, where it plays critical roles in neuronal development, synaptic plasticity and
gene regulation. Despite its importance, 5hmC remains largely unexplored in agricultural species. Towards
that end, a comparative hydroxymethylation map of cattle and sheep cerebellum was generated using
whole genome bisulfite sequencing and oxidative reduced representation bisulfite sequencing. The global
distribution of 5hmC was similar but quantitatively distinct with cattle (317,136) harboring approximately 2.5x
more 5h-mC sites compared to sheep (125,951). Chromosome normalized analysis revealed that orthologous
chromosomes BTA25 and OAR24 harbored the highest number of 5-hmC sites with 341.7 and 93.7 sites per
megabase, respectively. High resolution comparative mapping of highly hydroxymethylated genes revealed
both conserved and species-specific patterns of 5-hmC. Neural and regulatory genes including GSE],
RBFOXI, SEPT9, and CUXT exhibited markedly higher 5-hmC abundance in cattle (up to 13x) but greater
site-specific hydroxymethylation in sheep. In particular, the highly conserved CUXT gene contained 243
5-hmC sites in cattle and 46 in sheep, yet a greater proportion of these sites were highly hydroxymethylated
in sheep (37%) than in cattle (18%), reflecting stronger site-specific epigenetic activation despite fewer
modification sites. These findings indicate that variation in hydroxymethylation density and intensity across
orthologous genes arise from species-specific epigenetic regulation rather than sequence conservation
alone. The genome-wide distribution and dynamic function of 5-hmC necessitates further studies into the
role of 5-hmC with respect to species-specific regulation and phenotypic diversity. This study introduces
new insights into comparative epigenomics and advances understanding of the epigenetic architecture
underlying functional diversity across mammalian genomes.
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Mapping how genes converge on specific brain cell types and neural circuits is critical to understand the
complex genetics underlying autism spectrum disorder. Rare loss-of-function mutations strongly predispose
susceptibility to autism and additional developmental delays and intellectual disabilities in over 10% of
cases. Single cell transcriptomic atlases of developing human brains have implicated enrichment of these
genes in cortical neuron subtypes, yet these atlases lack crucial resolution to characterise the cellular
architecture of spatially demarcated and functionally distinct brain regions. Here, we present the first spatio-
temporal autism gene expression atlas of 250 susceptibility genes, in which over 10 million single cells were
profiled using 10x Genomics Xenium from six mid-gestation individuals. We identified five highly spatially
regionalised gene expression programs with non-negative matrix factorisation and discovered convergence
in the thalamus and germinal zones. We additionally implicate developmental thalamic and cortical neuronal
cell types, and progenitor cell populations. These findings implicate the thalamus as a major hub of autism
susceptibility in the developing human brain. Overall, we demonstrate future potential to spatially survey
expression of trait-associated genes in crucial tissues and developmental stages to better understand
genetic pathologies.
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Neurofibrillary tangles (NFTs) and amyloid plagues define Alzheimer’s disease (AD), yet molecular responses
to these pathologies are context-dependent and often poorly captured at the transcript level alone. To
address this, we developed a same-slide, multiplatform spatial multiomics workflow integrating ultra-
high-plex profiling with single-cell and subcellular imaging. Using the GeoMx® Digital Spatial Profiler, we
performed whole-transcriptome and 1100-plex protein profiling in formalin-fixed human hippocampal tissue,
generating the most comprehensive in situ multiomic dataset reported in neurodegeneration. Regions

of interest were centered on neurons with or without tau pathology. The same slides were analyzed with
CellScape™ Precise Spatial Proteomics, enabling high-resolution multiplex imaging to map and validate
protein biomarkers discovered on GeoMx at single-cell and subcellular resolution. This cross-platform
workflow is flexible and iterative: features and morphologies identified in CellScape guided refinement of
region selection in GeoMx, allowing targeted profiling of subclassified neurons with the full 1100-plex panel.
This strategy revealed tau-bearing neuron subclasses defined by stress response protein expression and cell
fate signatures, uncovering distinct trajectories toward apoptosis, necroptosis, or cellular senescence linked
to specific tau phosphorylation events. By bridging the highest plex with the highest resolution and enabling
iterative cross-platform refinement, this workflow establishes a comprehensive spatial proteomic atlas of

AD pathology. These findings illuminate selective neuronal vulnerability to tau pathology and the molecular
pathways by which neurons either undergo cell death or evade it through senescence. This integrated
platform provides a powerful, flexible framework for mechanistic investigation of neurodegeneration and
opens opportunities for targeted exploration of disease-associated cell states at unprecedented depth and
resolution.
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Multi-omics in population biobanks provides new opportunities to map the impact of genetic variation on
molecular phenotypes and inform the mechanisms of health traits and diseases. We generate and analyze
multi-omics from 10,000 ancestrally diverse participants of the A/l of Us Research Program. These data
consist of whole blood transcriptomes using the Watchmaker RNA-seq protocol, detecting both coding and
non-coding transcripts, paired with plasma proteome profiling via an expanded Olink Explore HT platform
to quantify 5,419 proteins, as well short-read genome sequencing, long-read genome sequencing, and
methylation profiling.

The large sample size and ancestrally diverse composition of the A/l Of Us multi-omics cohort enable new
opportunities to study common and rare variants impact on gene expression, splicing and protein levels.
We perform deep cis-QTL mapping (MAF>0.1%) and identify 70,949 significant (FDR<.05) QTL loci across
-omes, with 80% of these signals having reproducible effects. Fine-mapping analysis with SuSIE identified
over 700,000 variants across all QTLs and more than 70,000 variants with a PIP > 0.9.

Among fine-mapped QTL variants, we observe comparable numbers of common (>5% MAF), low-frequency
(1-5% MAF), and rare (1-01% MAF) variants across PIP deciles, demonstrating that rare variants are important
drivers of QTL signals that are missed in many studies. We find that these variants are significantly enriched
for ENCODE regulatory annotations and coding variant effects similarly across allele frequencies. When
examining pathogenicity scores from CADD, we find that causal fine-mapped (PIP >.9) rare variants are
significantly enriched for deleterious scores (OR = 6.1,p = 0.00067), suggesting these rare variants may play
a role in disease.

We are conducting analyses to integrate transcriptomic QTLs, structural variant and methylation data from
All of Us long-read sequencing, and performing analyses integrating GWAS data from A/l of Us and external
datasets to evaluate the degree that rare fine-mapped variants provide expanded discovery power for trait-
relevant genes. Collectively, we have characterized molecular QTLs from A/l of Us, data imminently available
on Researcher Workbench, and expanded our identification of rare variants driving molecular phenotypes to
human traits and diseases.
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Brazil, the most genetically admixed country worldwide, remains underrepresented in genomic research.
The CYP2D6 gene is highly polymorphic, with more than 180 defined star-allele haplotypes, and responsible
for the metabolism of 21% of drugs. In this study, we aim to analyze the frequency distribution of clinically
relevant CYP2D6 alleles in the Brazilian population, stratified by location and ancestry, in order to provide
more precise population allele-frequency estimates. This study included patients from 3 public hospitals

in Brazil. Genomic DNA was extracted using a commercial kit and genotyped with the Infinium Global
Diversity Array with Enhanced PGx on the iScan platform (lllumina). Variant calling was performed using
the DRAGEN™ pipeline, and star alleles were assigned using the StarAllele pipeline (lllumina). Individuals
were classified into ethnic groups (European [EUR], American [AMR], African [AFR], East Asian [EAS] and
Admixed [MIS]) based on genetic ancestry estimates obtained with the EthSEQ library (Gencode.Exome
model, hg38 genome). A total of 1,352 participants were included, originating from Campinas (n=464),
Recife (n=282), Rio de Janeiro (n=447), and S&o Paulo (n=159). Regional allele frequencies ranged from
0.35-0.94% for *3,10.63-14.01% for *4, 2.30-3.88% for *5, and 0.18-0.67% for *6. The cohort showed broad
ancestral diversity, comprising 28.77% admixed (MIS), 28.55% European (EUR) and 25.92% American (AMR)
participants. Comparative analyses revealed that individuals from Campinas had a 29.8% higher likelihood of
carrying *4 (p=0.034; OR=1.298; 95%CI=1.024-1.645), whereas participants from Sdo Paulo showed a 92.8%
higher likelihood of carrying *5 (p=0.019; OR=1.928; 95%CI=1134-3.277). Regarding ancestry, EUR+EURMIS
participants had a 46.3% increased likelihood of carrying *4 (p=0.0019; OR=1.463; 95%CI=1153-1.855), while
MIS individuals had a 30.9% lower likelihood of carrying *4 (p=0.007; OR=0.691; 95%CI=0.526-0.909). AMR
participants showed a 58.5% reduced likelihood of carrying *5 (p=0.02; OR=0.515; 95%CI=0.289-0.917).
These findings reveal significant regional and ethnic differences in CYP2D6 allele distribution within the
Brazilian population, underscoring the influence of ancestry on genetic variability and reinforcing the
importance of ancestry-informed approaches for the advancement of personalized medicine in the national
context.
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Introduction:

We have recently developed and validated a clinically deployable pipeline using Oxford Nanopore
Technologies (ONT) long read sequencing that functions as a diagnostic test for patients with suspected
genetic disease (PMID: 40385982). We expand on this work by analyzing DNA methylation from ONT data
to identify patients with suspected imprinting epigenetic diseases who typically undergo multiple discrete
rounds of genetic testing, causing delays in diagnosis and a significant financial burden.

Methods:

We evaluated methylation profiles from patients with known imprinting disorders. Each sample was
sequenced on the PromethlON-24 targeting a whole genome coverage of 30X or a limited clinical panel at
60X coverage with adaptive sequencing. Data was processed at the Minnesota Supercomputing Institute
using a standardized pipeline. Modified bases (CpG methylation) were called with Dorado and aligned to
GRCh38 using the ONT wf-alignment workflow. SNVs were identified with Clair3 as the default genotyper.
Insertions/deletions/inversions were identified using NanoVar and DeBreak. CNVs on the sex chromosomes
were identified using CNVpytor; autosomal CNVs were called by QDNAseq, which is included in the epi2Zme
workflow.

Results:

Our initial studies included patients with either Prader-Willi or Angelman syndrome. When methylation
frequency was assessed in the 159 proximal region, a complete loss of methylation at the CpG islands was
detected in Angelman syndrome, consistent with loss of the methylated maternal allele. In contrast, 100%
methylation was detected in the CpG Islands in Prader-Willi syndrome, indicating a loss of the unmethylated
paternal allele. An unaffected sample, as expected, displayed 50% methylation frequency at the same locus,
consistent with one methylated maternal allele and one unmethylated paternal allele.

Conclusions and future directions:

Our ONT-based pipeline was able to successfully evaluate known imprinted regions and thus help diagnose
diseases of methylation. Our findings reinforce the advantages that long-read sequencing provides as

a single comprehensive test for complex clinical testing. As costs decrease and accuracy improves, we
anticipate that its use will expand even further. Current work is focused on studying a larger clinical

cohort including samples from other methylation disorders like Fragile X syndrome, Beckwith-Wiedemann
syndrome, X- inactivation and further optimizing the computational algorithm to match clinical standards.
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Long-read sequencing technologies have become pivotal for several applications utilizing their benefits,
such as structural variation (SV) detection, hybrid allele identification, haplotype phasing, and compound
heterozygous mutation analysis. This study evaluates the novel lllumina Constellation Mapped Reads (CMR)
technology, which integrates in-flow-cell library preparation with bioinformatic read linking based on flow-
cell coordinates to represent long-read sequencing characteristics. We compared CMR performance against
established long-read platforms, Oxford Nanopore Technologies (ONT) whole-genome sequencing (WGS),
and PacBio targeted long-fragment capture (LFC) workflows for challenging paralogous genomic blood
group loci in identical real-world samples. Key metrics assessed include the accuracy of SV and hybrid allele
detection, single-nucleotide polymorphism (SNP) genotyping precision, and the length of haplotype phasing
blocks. Our results highlight the strengths and limitations of CMR relative to ONT WGS and PacBio LFC,
demonstrating its potential as a surrogate for long-read sequencing technologies.
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Cellular senescence is a complicated stress response characterized by cell cycle arrest, resistance to
apoptosis, and secretion of various proinflammatory molecules collectively known as the senescence-
associated secretory phenotype (SASP). In the aging brain, many cell types, including astrocytes, undergo
senescence. This process can be further exacerbated in Alzheimer’s disease, where toxic protein aggregates
have been shown to promote astrocytic senescence and SASP-mediated neuroinflammmation.

Emerging evidence suggests that senescence exists along a continuum, accompanied by extensive nuclear
and chromatin remodeling. While genome-wide bulk biochemical analyses and lower-throughput imaging
studies have revealed broad changes in 3D genome structure, proteomic, and transcriptomic profiles during
senescence, these approaches lack single-cell resolution and cannot capture cell-to-cell variability. In this
study, we used complementary spatial platforms to characterize in situ changes in genome architecture,
chromosomal organization, and proteogenomic profiles of normal and BrdU-induced senescent human
astrocytes at single-cell resolution. Senescence was validated by SA-B-gal staining and nuclear size
quantification. Notably, BrdU-treated cultures contained a subset of markedly enlarged cells, raising the
question of whether this morphological expansion represents a distinct stage of senescence.

The single-cell resolution of both the PaintScape™ and GeoMx® DSP platforms enabled subpopulation-level
analysis based on nuclear morphology. Using the PaintScape platform with the ChromoPaint™ PanChromo
MPX panel, we visualized over 400 targets across the whole genome and generated chromosome-specific
spatial traces and target counts. Parallel GeoMx DSP profiling quantified the whole transcriptome and

over 1,000 proteins relevant to neuropathology, immune signaling, and cell-state transitions. Integrating
these datasets allowed us to define chromosome-, RNA-, and protein-level signatures associated with

the morphological changes unique to a subset of senescent cells. Beyond proteogenomic profiling, we
characterized changes in inter-chromosomal proximity, differential chromosome p-g arm interactions, and
the nuclear positioning of individual chromosomes and sub-chromosomal loci in situ within single senescent
subpopulations.

In summary, we applied an integrated multiomic approach that combines chromosomal architectural
mapping with proteomic profiling to uncover the molecular underpinnings of brain cell senescence. These
findings provide new insights into how structural and molecular heterogeneity shape the functional diversity
of senescent states in the aging and diseased brain.
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Lymphatic vessels are essential for lipid transport, immune surveillance, and interstitial fluid clearance

yet remain understudied due to technical and biological limitations. They encompass microlymphatics
embedded in tissues and lymph nodes and large collecting lymphatics that return peripheral and central
lymph. Large collecting lymphatic vessels remain largely uncharacterized at the molecular level in humans.

To address this gap, the Lymphatics Tissue Mapping Center of the Human Biomolecular Atlas Project
(HUBMAP) established and optimized single cell and spatial profiling for in depth characterization. We
developed intraoperative protocols that preserve RNA/protein integrity, retain precise 3D orientation, and
enable downstream single cell and spatial analyses.

In parallel, to provide context and complete a human lymphatic atlas, we assembled the largest human
endothelial cell atlas to date (>600,000 single cells; ~20 fold larger than prior efforts) across >15 organs. This
dataset identified >50 transcriptionally and functionally distinct endothelial populations and showed similar
diversity scaling for blood and lymphatic lineages.

(continue to page 99)
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Peripheral, central, and solid organ tissues were assessed in 3D using technologies
specifically developed or optimized for this effort. Serial sections were profiled with
high plex antibody panels (Akoya PhenoCycler Fusion) and imaging based spatial
transcriptomics (10x Genomics Xenium) and registered in 3D. For large dataset
generation, we employed the Singular Genomics G4X Spatial Sequencer, which we
validated against Xenium. For large format, whole transcriptome mapping at single
cell resolution, we used the lllumina Spatial Transcriptomics assay, validated against
10x Genomics Visium HD (targeted and 3'). Finally, lightsheet based VIPAR and
Stellaromics Pyxa captured lymphatic vessel micromorphology and transcriptional properties, respectively,
natively in 3D.

POSTER

Integrating these datasets, we find lymphatic endothelial cells (LECs) differ not only between organs or
compartments but also within the same niche or even vessel, indicating highly localized specialization and
division of labor. Spatial data reveal how LEC specialization is coordinated through cell-cell interactions in

a highly localized manner. We extended analyses to vessels and tissues from patients treated for relevant
conditions. These findings lay the groundwork to preserve or restore function in lymphatic conditions, which
affect more U.S. patients than HIV, Parkinson’s disease, multiple sclerosis, muscular dystrophy, and ALS
combined.
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In the United States nearly 1 million people suffer a stroke each year. The gold standard treatment for
ischemic stroke is currently tPA. For patients to receive this treatment, a distinction between hemorrhagic
and ischemic stroke must be made within the therapeutic time window for tPA (4.5 hours following stroke
onset). Hemorrhage is identified using CT imaging, however diagnostic delays result in only 5% of eligible
stroke patients being treated with tPA. Therefore, a biomarker to distinguish hemorrhage from ischemic
stroke would have a great effect on population health. In this project, we aim to identify epitranscriptomic
biomarkers to distinguish hemorrhagic stroke from other stroke sub types (specifically 5-methylcytosine
(5mCQC), 6-methyladenosine (m6A), Inosine (1), and Pseudo-Uridine (PsU). Whole blood samples were
collected from patients at admission (Grady Memorial Hospital, ATL, GA). Following extraction of RNA, 1

ug of RNA was prepared for direct Sequencing using the Oxford Nanopore workflow (RSKOO04). Libraries
were sequenced on flowcells (P24), for 72h. Read data was aligned to GRCh38 using Dorado and modified
bases were called. Modkit software was used to extract modified base calls to a bed file, and this data was
split by base modification. Data was filtered to only include bases with at least 10x coverage and called
present in all samples. For each modification, we determined differential modification rates and corrected
for age, sex and race. Our results showed an increase of 5mC and m6A and decrease in | and PsU RNA
modifications following hemorrhagic stroke. Differential modification of RNA was observed in targets across
all chromosomes, some mitochondrial RNAs showed higher levels of differential modification relative to
chromosome size. Some RNAs species showed multiple modifications per target RNA. Pathway analysis
using cluster profiler suggested modifications occur in RNAs associated with ATP Synthesis, oxidative
phosphorylation, and immune system function. The large and statistically robust changes observed in our
results, suggest RNA modifications may have utility as biomarkers for hemorrhagic stroke diagnosis. Future
analysis will include defining stroke biomarkers for ischemic and mimic strokes, as well as how our different
RNA modifications of interest correlate to both gene expression and splicing.
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Environmental exposure to heavy metals such as cadmium (Cd?*) and lead (Pb?*) has been associated

with increased risk of liver fibrosis, while zinc (Zn?*) may have protective effects. However, how low-dose
exposures to these metals reprogram hepatic stellate cells (HSCs) - the primary fibrogenic cells in the liver-
remains poorly understood. We aimed to determine whether physiological level of Cd?*, Pb?*, and Zn?* based
on natural exposure in general population can directly induce fibrogenic activation in human HSCs through
transcriptomic and epigenetic remodeling.

HSCs were derived from human induced pluripotent stem cells (iPSC-HSCs) were exposed to each metal at
their 1x and 10x blood concentration defined based on the National Health and Nutrition Examination Survey
(NHANSE). Activation of iPSC-HSCs was assessed by immunofluorescent staining of key fibrogenic markers,
as well as migration and viability assays. Transcriptomic and epigenomic profile changes were assessed
using RNA-seq and reduced representation bisulfite sequencing (RRBS), respectively, followed by integrated
bioinformatic analyses and Western blotting to identify and verify changes of key pathways and signaling.

Both Cd?* and Pb?* but not Zn?* treatment significantly induced expression of fibrogenic markers a-SMA and
collagen, TIMP1, as well as cell migration, without affecting proliferation. Transcriptomic analysis revealed
Cd?" and Pb?" induced distinct changes of pathways: while Cd?* treatment is associated with downregulation
of mitochondrial and oxidative phosphorylation pathways, as well as upregulation of protein trafficking and
cytoskeletal remodeling pathways, Pb?* induces gene expression involved in cell migration and suppression
of mitotic genes. On the other hand, Zn?* upregulated stress-adaptive genes and showed dose-dependent
cytotoxicity. Epigenomic analysis demonstrated both Cd?" and Pb?* induced dose-dependent promoter
hypomethylation, while Zn?* induced higher and lower level of promoter hypomethylation at the 1x and 10x
concentration, respectively. Integrated analysis suggested that key genes (KDM3A and KDM3B) involved in
histone H3K9 demethylation, and ephrin receptor tyrosine kinase gene (EPHAZ2) are top genes associated
with Cd?* and Pb?* treatment, respectively, which are further verified by Western blotting.

Our study suggests that Cd?* and Pb?* distinctly drive fibrogenic reprogramming in iPSC-HSCs, conferring
susceptibility to liver fibrosis. The iPSC-HSC can serve as a patient-derived cell model to study the
toxicological impact of environmental stressors.
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Advancements have been made in the application of metagenomics, with modifications such as
quasimetagenomics, greatly aiding in the rapid detection of pathogens. In this study, the fecal microbiomes
of cattle known to be shedding Salmonella, Escherichia coli (E. coli), Listeria, and Campylobacter

were investigated using metagenomics and gquasimetagenomics to examine the dynamics of microbial
populations in infected and uninfected cattle. For this study, DNAs extracted directly from fecal samples
and culture enrichment samples of 28 apparently healthy cattle kept on grass pastures and a similar feeding
regime were sequenced and analyzed. Cattle farms recorded no use of antibiotics for at least 3 months
before sampling. The fecal shedding statuses of the animal subjects for Salmonella, E. coli, Listeria, and
Campylobacter were determined in a concurrent study. For bacterial enrichment, standard procedures for
selectively enriching the respective pathogens were followed. The compositional abundance of microbial
populations in the sequenced data was analyzed using a custom k-mer database and Kraken2. Results
showed the bovine fecal microbiome comprised large proportions of diverse microbes dominated by
Bacteroidetes and Firmicutes. A large proportion of Proteobacteria in a sample positive for simultaneously
shedding Salmonella, E. coli, and Campylobacter revealed potential dysbiosis resulting from the multiple-
coinfection. For culture-enrichment samples, only E. coli was detected in significantly abundant numbers,
even to the serovar level. On the other hand, E. coli and other anaerobes were significant co-enrichers of
Salmonella and Campylobacter cultures, respectively, masking the detection of these target pathogens. This
study shows that co-enrichers can significantly impact the potential application of quasimetagenomics in
studying target microbes from bovine feces. Furthermore, the gut microbiome of animals shedding multiple
pathogens can offset the bovine gut microbiota. The implication of these findings for microbial culture and
public health deserves further study.

Keywords: Metagenomics, Salmonella, Campylobacter, Escherichia coli, Listeria, cattle
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Structural variants (SVs) play a crucial role in driving gene expression in the human brain and are implicated
in numerous neurological conditions. However, most existing genetic studies rely on short-read sequencing
methods, which have limited ability to capture the full spectrum of structural variants across the genome.
Long-read sequencing offers a significant advantage in detecting disease-associated and functionally
relevant SVs, but until recently, this approach has not been scalable for large genomic studies. Here, we
introduce a comprehensive solution using a new scalable wet-lab protocol and Napu, a computational
pipeline we developed for whole-genome Oxford Nanopore Technologies (ONT) sequencing. Napu is
specifically designed to address the computational challenges associated with the analysis of complex
structural variants and methylation patterns in long-read data. By integrating Napu, we applied this
approach to neurologically normal control samples from the North American Brain Expression Consortium
(NABEC) (European ancestry) and the Human Brain Collection Core (HBCC) (African admixed ancestry)
cohorts. Through this work, we generated and present a publicly available long-read resource from the
frontal cortex of 361 human brain samples, achieving a median N50 of 26.89 Kbp and 40x genome coverage.
This dataset enables the discovery of over a quarter million SVs and allows us to produce locally phased
assemblies that cover 95% of all protein-coding genes in the GRCh38 reference genome. Utilizing matched
expression datasets, we performed quantitative trait locus (QTL) analyses, identifying structural variants
that significantly impact gene expression in post-mortem frontal cortex brain tissue. Further, by leveraging
Napu, we determined haplotype-specific methylation rates of millions of CpG sites, identifying key cis-acting
structural variants influencing methylation. In summary, this study highlights how long-read sequencing

can effectively identify disease-relevant regulatory loci that were previously inaccessible using short-read
technologies. This resource provides a critical foundation for understanding the biological effects of genetic
variation in the human brain. Expanding on this as part of the NIH’s Center for Alzheimer’s and Related
Dementias (CARD) long-read sequencing initiative, we are currently scaling this framework to sequence
thousands of ancestrally diverse case and control brain samples.

2026 AGBT General Meeting 103



o o o .ae Medical &
Comparative genomic and virulence profiling Biology Omnics

(Non-Cancer)

of Shiga toxin-producing Escherichia coli
using pangenome analysis tools

POSTER

A. Elrefaey’, K.E. Bentum’, E. Kuufire!, T. James’, R. Nyarku', V. Osei', S. Temesgen',
W. Abebe'

1. Tuskegee University, College of Veterinary Medicine, Department of Pathobiology, Tuskegee, AL, USA

Shiga toxin-producing Escherichia coli (STEC) are major foodborne pathogens with high genomic diversity
and variable virulence potential. This study aimed to compare pangenome reconstruction and virulence
interpretation across two independent workflows, RIBAP and Panaroo, to better understand the genomic
variability of STEC. A total of 160 genomes representing eight clinically relevant serogroups (0157, 0145,
0121, O, 0103, O26, O45, and O104) were retrieved from the NCBI database and analyzed. Both pipelines
delineated the core and accessory components of the STEC pangenome but exhibited notable differences
in gene clustering and paralog grouping. Panaroo, which incorporates graph-based error correction and
stringent quality filters, identified 11,515 gene clusters, including a larger core genome (3,394 genes),
compared to RIBAP, which detected 22,238 clusters with 2,967 core genes. Conversely, RIBAP estimated
greater soft-core and shell components (225 and 3,328 genes, respectively) than Panaroo (114 and 2,895).

Virulome screening using Abricate against the Virulence Factor Database (VFDB) revealed that most
isolates harbored stx], stx2, eae, artJ, cadA, cesD, cheA, clpV, csgA, eaeH, and entA. However, serogroup-
specific heterogeneity was observed among adhesion- and secretion-associated loci, reflecting differences
in host adaptation and pathogenic potential. Integration of pangenome and virulence data demonstrated
that clustering algorithms significantly influence gene annotation, leading to differences in downstream
interpretation of virulence factors.

Overall, these findings emphasize that cross-tool validation is essential for accurate genomic characterization
of STEC. Combining complementary pangenome workflows with virulome analysis enhances understanding
of STEC population structure, genetic diversity, and potential virulence mechanisms, contributing to
improved surveillance and molecular diagnostic strategies for foodborne pathogen control.

Keywords: Shiga toxin-producing Escherichia coli (STEC), pangenome, RIBAP, Panaroo, virulence
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Escherichia coli (E. coli) is a complex and ubiguitous commensal organism in both food-producing animals
and humans, comprising diverse pathogenic strains. In ruminants, pathogenic E. coli can asymptomatically
colonize the intestinal tract, leading to fecal shedding and contamination of the food chain, making them
important reservoirs of infection. Notably, studies have attributed approximately 75% of human E. coli
O157:H7 outbreaks to food products of bovine origin. In this study, we characterized E. coli isolates from 116
fecal samples collected from cattle (n=48) and goats (n=68) in Tuskegee, Macon County, AL. Presumptive
identification of 80 isolates was performed using coliform chromoselect agar and standard biochemical
tests, followed by genomic confirmation via whole-genome sequencing (WGS) on the lllumina MiSeq
platform. Of these, 55 isolates (26 cattle, 29 goats) were confirmed as E. coli. Genome assemblies analyzed
on the GalaxyTrakr platform using the Shovill, E. coli serotyper, ABRicate, and staramr pipelines revealed
diverse serotypes, including Shiga-toxin producing E. coli [O93:H28 (20%), O126:H19 (2%), O76:H19 (7%)],
extraintestinal pathogenic E. coli O180:H14 (13%), enteroinvasive E. coli O8:H19 (5%), and enterohemorrhagic
E. coli O80:H19 (4%). Virulence genes identified included toxins (stx1B, stxA, hlyE), adhesins (fimH, yagZ/
ecpA, afaC-VIll), biofilm-associated genes (csgG, csgF, csgE), serum resistance determinants (ompT, iss,
traT), and iron acquisition systems (chuX, iroN, iutA). Resistome analysis showed a predominance of the
multidrug resistance gene mdf(A)_1(82%), alongside resistance determinants for B-lactams (blaACT-6),
aminoglycosides [ant(3")-la_1], quinolones (ogxA, ogxB), tetracyclines [tet(B)_2, tet(C)_2, tet(C)_3],

and sulfonamides (dfrA1, sul2_2). Six plasmid types (IncFIA, IncFIB, Incl1-I, IncFIC, Col156, IncB/O/K/Z)
associated with both virulence and antimicrobial resistance were also detected. The occurrence of highly
pathogenic E. coli serotypes with multidrug resistance potential highlights a significant public health risk
posed by fecal contamination of food and the environment. At the same time, plasmid carriage underscores
the potential for horizontal dissemination of virulence and AMR determinants. These findings underscore
the importance of ongoing genomic surveillance and rigorous farm-to-fork control measures to mitigate
transmission risks.
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The rapidly advancing field of single cell RNA sequencing (scRNAseq) offers numerous options for
transcriptome profiling. Single cell resolution enables insights into heterogeneous samples. However,
guestions remain as to which chemistry is ideal for individual experimental goals. Previous benchmarking
studies included a mixture of fresh and fixed samples or probe-based and non-probe-based capture
methods, which limit the conclusions drawn between analogous technologies. Here, we present a novel
comparison of four widely used non-probe-based, non-formalin fixed scRNAseq assays. In contrast to past
comparisons that used varied analysis pipelines, we have applied company-agnostic cell calling algorithms
for unbiased comparison of biological and technical replicates from healthy human PBMCs. Our approach
evaluated 10x Genomics, Parse Biosciences, Scale Biosciences, and lllumina scRNAseq assays to examine
data QC based on sensitivity, accuracy, precision, power, and efficiency using agnostic and platform-
specific cell calling. While metrics vary between assays, there are clear advantages and limitations to each
technology, including time and financial costs. In summary, our study highlights the need for carefully
considered project design of non-formalin fixed scRNAseq assays, which is based on many factors and
dependent on an investigator’s specific research aims and available resources.
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Cost-efficient morphological and gene expression profiling are widely used for high-throughput phenotypic
analysis and perturbation screens. Previously, comparative data relied on the legacy L1000 probe-

based transcriptomics. New technologies, such as DRUG-seq and Total DRUG-seq, offer unbiased whole
transcriptome gene detection, providing greater complexity insights and expanding biological discovery in
large-scale screens.

In this study, we applied Total DRUG-seq, a new method capable of detecting full length transcripts across
hundreds of samples, and Cell Painting to collect gene expression and cell morphology, in U20S and HepG2
cell lines. Both cell types were exposed to 82 compounds from the JUMP-MOA reference panel to evaluate
the capacity of Cell Painting and Total DRUG-seq to uncover mechanistic biological insights. To assess their
combined potential, we implemented data integration strategies and compared the added value of multi-
omics integration against single-modality analyses. We used unsupervised learning to assess clustering
quality and the robustness of Total DRUG-seq and Cell Painting across replicates and conditions. We then
applied supervised learning to predict compound mechanisms of action (MOAs) and classify compounds,
comparing the predictive power of each assay alone and in combination.

Our results show that integrating transcriptomic and morphological data provides additional insight into
drug activity compared to single omics. This highlights the synergy between the assays and underscore
the value of multi-omics profiling in experimental design, particularly for identifying cellular responses to
chemical or genetic perturbations.
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Advances in Next Generation Sequencing (NGS) technologies have enabled large-scale quantification

of DNA methylation. DNA isolated from archival material like formalin fixed paraffin embedded (FFPE)
tissues is an invaluable resource for genome-wide methylation studies and has advanced the field of
cancer genetics. However, FFPE DNA poses many notable challenges for preparing NGS libraries, including
low input amounts and highly variable damage from fixation, storage, and extraction methods leading to
insufficient coverage and sequencing artifacts.

To investigate the potential to improve DNA methylation profiling from FFPE samples, lllumina compatible
libraries were constructed using FFPE DNA with DNA integrity numbers (DIN) ranging from 1.5 to 6.8. DNA
was fragmented using mechanical shearing (Covaris) or enzymatic fragmentation (NEBNext UltraShear®).
An enzyme-based methylation detection technology, NEBNextO Enzymatic Methyl-seq v2 (EM-seqO v2),
was used to detect DNA methylation. This system overcomes the limitations of chemical-based bisulfite
conversion methods and minimizes damage to DNA, enabling longer insert sizes, lower duplication rates,
and minimal GC bias resulting in more accurate quantification of DNA methylation. Additionally, DNA
methylation was profiled in clinically relevant FFPE DNA from multiple tissue types using EM-seq v2
coupled with UltraShear fragmentation. Results for these challenging DNA types showed that the UltraShear
fragmented EM-seq libraries had lower duplication rates, lower chimeras, as well as higher percentages

of mapped reads and increased library complexity compared to Covaris sheared libraries. These libraries
exhibited higher unique coverage depth and uniformity, leading to more CpGs confidently detected.

EM-seq coupled with UltraShear fragmentation produces reliable methylation profiles and improves library
preparation success rates from challenging FFPE samples. The workflow is robust, flexible, and automation
friendly, advancing the use of methylation profiling as a cancer biomarker.
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In recent years rapid technological developments have enabled pooled single cell CRISPR (scCRISPR)
screens that couple perturbation of gene function in individual cells to complex single cell RNA sequencing
readouts. However, extending these studies to genome-scale in disease-relevant cell types such as hiPSC-
derived brain cells remains constrained by technical bottlenecks in transgene silencing, perturbation
efficiency and guide detection.

Here we discuss our technological developments that have enabled pooled scCRISPR screens in hiPSC-
derived neurons and astrocytes using direct guide capture with 5 10x Genomics GEM-X. We discuss how

we have overcome the challenges of using these cell types, including developing a dual-guide system to
enable better editing and guide detection, and a codon-optimised Cas9 in an ‘all-in-one’ lenti vector delivery
to overcome silencing of Cas9 cell lines during differentiation. We demonstrate the effectiveness of our
system by screening a ‘NeuroKO’ library of ~1000 guide RNA pairs targeting ~250 known Alzheimer’s disease
targets based on GWAS, expression data, rare variants and network analysis. We have screened more than
™M cells in iNeurons and iAstroctyes at a coverage of over 900 cells per target in each cell type and have
revealed differential expression changes in the knockouts that also occur in patients that have allowed a
subclassification of the disease targets.

We further show our optimisation of scCRISPR screening in hiPSC derived microglia through improvements
in Cas9 and guide vector design and their delivery at a later stage of the differentiation process to avoid
bottlenecks allowing coverage of large-scale libraries. Here we present a side-by-side comparison of direct
guide detection with 10x Genomics, using either the CRISPR kit in 5 GEM-X or the addition of custom
probes towards the guide sequences for detection in FLEX kits. In this experiment we have tested the
addition of LNA bases within the custom FLEX probes to gain better guide detection. Overall, the scale of
FLEX, the ease of processing and FACS sorting fixed cells and the success of guide detection, are allowing
us to scale up to cost-effective genome-wide single cell perturbation experiments in hiPSC-derived brain
cells.
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Genotyping by low-pass sequencing (LPS) offers several potential benefits over the use of conventional
genotyping microarrays, including higher resolution, freedom from defined probe sets, and the ability to
discover novel variants. However, LPS has not vet fully replaced microarrays due to limitations in sequencing
cost and library throughput requirements. The Ultima Genomics UG 100™ is a high-throughput sequencing
platform with significant sequencing cost advantages that allow low-pass sequencing to better compete
with microarray-based genotyping.

A major challenge in replacing arrays with sequencing is the cost and scalability of NGS library preparation.
Traditional workflows rely on mechanical fragmentation, which requires expensive instruments, or enzymatic
fragmentation with fragmentase, which can be difficult to control. These methods lack built-in normalization,
require multiple enzymatic steps, involve individual PCRs, and necessitate quantification of each library,
increasing costs and labor.

Here, we present a fast, efficient, and cost-effective transposase-based library prep workflow using native
Ultima adapters optimized for LP-WGS on the UG 100™. The method uses an engineered transposase
(TnX™), which improves on standard hyperactive Tn5 by offering lower insertion bias, higher activity, better
coverage uniformity, and increased library complexity. A key feature is auto-normalization across a wide
range of input DNA, reducing the need for accurate quantification and manual normalization. This enables
more libraries per run with less effort. Across a 10-fold DNA input range, this workflow maintains consistent
fragment size distributions and achieves a read count coefficient of variation (CV) below 20%, compared to
over 80% using a non-normalizing tagmentation method.

By incorporating a native Ultima barcoded adapter during tagmentation, samples can be pooled before
amplification. A second index is then added using barcoded primers during PCR, allowing combinatorial
multiplexing of up to 1,536 samples. This reduces per-sample costs, improves automation efficiency,
eliminates the need to convert incompatible libraries into Ultima libraries, and reduces the library
quantification burden.

This flexible TnX-based workflow enhances the utility of the UG 100™ platform for large-scale applications
such as LPS, where efficient multiplexing of hundreds to thousands of samples is essential to compete with
the costs and throughput of traditional array-based genotyping.

2026 AGBT General Meeting N2



Technology &

How SPRI chemistry shapes NGS library Application

Development

quality and performance

—
POSTER

Max Boeck!, Ariele Hanek', Josh Haimes!, Giulia Corbet’, Eleanor Matrullo’, Heather
Maasdorp'’

1. Watchmaker Genomics, Boulder, CO, USA

Solid-phase reversible immobilization (SPRI) bead-based cleanup is a core component of next-generation
sequencing (NGS) library preparation, enabling DNA and RNA purification, fragment size selection, and
removal of unwanted byproducts such as adapter-dimers. However, variability in bead formulation and
surface chemistries across manufacturers influences DNA binding and elution behavior. These effects are
compounded by interactions between the bead chemistry and the unique buffer composition of different
NGS DNA and RNA library preparation chemistries. Consequently, selecting and optimizing bead cleanup
ratios for each workflow is critical for maximizing recovery, ensuring accurate fragment sizes, and delivering
reliable sequencing performance.

In this study, we systematically evaluated eight commercially available SPRI bead formulations across

ratios from 0.5X to 1.0X within three NGS library preparation workflows, including PCR-free whole-genome
sequencing (WGS), DNA library prep and RNA library prep as well as post PCR—which are all impacted by
insert size and yield tradeoffs. Cleanup performance was assessed using a 100 bp ladder reference, and
post-cleanup recovery and fragment distribution were quantified on an Agilent TapeStation D1000 system.
We observed substantial differences in fragment retention between bead types, particularly at lower ratios
where binding efficiency diverged. Some formulations consistently preserved smaller fragments, while others
preferentially retained longer DNA, highlighting strong interactions between bead chemistry and library
buffer composition. Notably, bead ratios impact library inserts with reduced read overlap and improved
mapping efficiency - key drivers of sequencing efficiency and coverage uniformity in PCR-free WGS.

SPRI bead selection and ratio optimization play a critical role in achieving consistent and high-yield NGS
libraries. The observed differences highlight the importance of empirically evaluating bead chemistries
within the context of specific library prep workflows. Tailoring cleanup conditions to the chemistry of each
kit can substantially improve recovery, fragment size fidelity, and overall library quality across sequencing
applications.
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Post-translational modifications (PTMs) play a critical role in regulating protein function and cellular
processes. However, due to the diversity and complexity of the proteome, methods to detect and quantify
PTMs have lagged behind advances in DNA sequencing. While conventional mass spectrometry and
antibody-based methods provide valuable information, they are limited in their capacity to resolve and
quantify PTMs at the amino acid level, particularly for PTMs with minimal differences in mass. The Quantum-
Si Platinum® Pro sequencer is a benchtop instrument designed for high-resolution, single-molecule protein
sequencing. Platinum Pro uses engineered N-terminal amino acid recognizers to accurately determine

the sequence composition of proteins, enabling the detection of PTMs and making advanced proteomic
analysis accessible in a standard laboratory setting. In addition to leveraging the recognizer binding patterns,
the recent development of PTM-specific binders further enhances the instrument’s ability to detect and
quantify PTMs by selectively targeting modified residues. This combined approach improves sensitivity and
specificity, allowing researchers to quantify PTMs and obtain even more detailed PTM profiles on a single
run. In this study, we report the application of single-molecule protein sequencing on Platinum Pro to detect
and quantify multiple PTMs across diverse protein types. We demonstrate the detection of phosphorylation
order at several sites within the anaplastic lymphoma kinase (ALK) protein, citrullination events on vimentin,
asparagine deamidation as a marker of molecular ageing, and the identification and differentiation of
aspartic acid stereoisomers in calmodulin sequences. This is the first study demonstrating the ability to
resolve and quantify multiple PTMs on the Platinum Pro, enabling differentiation of chemical changes and
stereochemical variants that, while subtle, can nevertheless have significant biological impacts. We expect
this technology to democratize advanced protein characterization, making the high-resolution detection of
PTMs available to a broader scientific community.
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Short tandem repeat (STR) expansions are associated with a wide range of neurological and
neurodevelopmental disorders. While the presence of an STR expansion of size beyond the small ranges
observed in healthy population is often a strong indication of pathogenicity, the size of such expansions is
known to modulate the presentation of many associated conditions. Short-read WGS is an effective method
to distinguish non-expanded from expanded STRs, but its ability to accurately estimate the size of large STR
expansions is limited. This limitation can hamper the more nuanced categorization of the effect of STR size
on disease presentation.

Illumina Constellation mapped-read technology is a novel approach that provides enhanced genomic
insights using standard SBS sequencing by tagmenting long DNA template molecules directly on the flow
cell surface. This approach establishes a relationship between the physical distance of nearby reads on
the flow cell surface and their genomic distance in an individual’s genome. Here we present innovations
that leverage the novel proximity information derived from Constellation and allow for more accurate STR
expansion size estimation across the full range of observed expansion sizes.

In a cohort of 41 datasets (21 unique cell lines) carrying STR expansions across a set of 10 different disease-
associated loci with orthogonally characterized sizes (ranging from 15-4863bp), we demonstrate that
Constellation technology achieved 100% sensitivity in distinction of normal vs expanded alleles. Further,
Constellation achieved 90% accuracy in the classification of STR sizes into the more nuanced classification
bands related to disease phenotype modulation, such as age of onset, disease severity, and carrier status.
That included classification of FMR1 expansions into intermediate (6/6 with 40-55 repeats), premutation
(4/6 with 55-200 repeats) and full mutation (3/3 with >200 repeats) ranges, as well as classification of
DMPK expansions into mild pathogenic (3/4 with 49-100 repeats), classic pathogenic (6/6 with 100-1000
repeats) and congenital disease (3/4 with >1000 repeats).

These findings highlight the power of Constellation technology to overcome current limitations of short read
WGS in STR expansion detection, allowing users to glean additional relevant information related to STRs
without relying on reflex tests for accurate STR size estimation.
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Native long-read sequencing preserves DNA methylation and delivers base-level accuracy across complex
genomic regions such as repeats, paralogous loci, and structural variants. Although native long reads deliver
deep biological insight, adoption for high throughput screening applications has been limited by the cost
and throughput of whole-genome sequencing. Targeted long-read sequencing overcomes these constraints
by enabling comprehensive analysis of clinically relevant genes in a scalable, cost-efficient manner for
applications including carrier screening, repeat expansion disorders, and hereditary disease panels.

Here, we present PacBio® PureTarget™, powered by HiFi sequencing and CRISPR-Cas9 enrichment, which
consolidates clinically challenging loci into a single PCR-free assay while retaining native methylation
information. The PureTarget carrier panel profiles 12 historically difficult genes, including FMRI1, FXN, SMN],
CYP21A2, GBA, F8 and HBAI/HBA?2, to resolve repeat expansions, copy number variation, and large structural
rearrangements in a single assay. The assay supports manual and automated workflows with 48-plex and
96-plex library preparation, and scales to 100,000 samples per year on the Revio® system and 10,000 on the
Vega™ system, enabling efficient high-throughput implementation across diverse laboratory settings.

Furthermore, to demonstrate this platform’s flexibility, we utilized PureTarget to profile CFTR, a 189 kb

locus encompassing thousands of known variants. Because CTFR exceeds a single HiFi read length, we
implemented a custom full-gene tiling design that achieved contiguous coverage, allele phasing across
variant-rich regions, and methylation analysis while remaining compatible with the carrier panel workflow.
CF-positive samples were successfully profiled, confirming detection of both coding and noncoding variants
in a multiplexed format. We further applied the tiling strategy to five hereditary cancer genes: MLHT1, MSH2,
MSH6, PMS2, and EPCAM, each longer than a single HiFi read, illustrating adaptability to broader hereditary
disease panels.

By combining long-read accuracy, native methylation detection, and scalable targeted enrichment,
PureTarget enables comprehensive and cost-effective sequencing of clinically relevant loci—streamlining
workflows and expanding access to long-read insights across human health research.
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Spatial transcriptomics has transformed our ability to map gene expression within intact tissues, yet most
existing approaches require specialized instrumentation, limiting accessibility and scalability. We present
an instrument-free spatial transcriptomics workflow that combines Trekker™ technology (a barcoded
oligonucleotide-tagging approach based on the Slide-tags method) with the Illumina® Single Cell 3' RNA
Prep, T100 assay to deliver high-density, high-sensitivity, and true single-cell resolution spatial data.

In this workflow, photocleavable spatial barcodes on a 10 mm x 10 mm bead array diffuse into a tissue
section to spatially tag individual nuclei. Following nuclei isolation, the released spatially barcoded nuclei are
captured using the lllumina Single Cell 3' RNA Prep, T100 kit, enabling recovery of up to 100,000 cells per
sample without the need for specialized instrumentation. Libraries are then prepared through the standard
single-cell RNA-seq method. Spatial information is thus encoded without the need for microfluidics or
imaging hardware.

Applied to both mouse tissue and human tumor samples, this workflow produces high-density, spatially
resolved transcriptomes with true single-cell resolution across diverse tissue architectures. We demonstrate
robust detection of cell type-specific gene expression, preservation of tissue heterogeneity, and sensitivity
that exceeds state-of-the-art instrument-based spatial methods. Importantly, the system integrates
seamlessly with existing computational pipelines—without the need for cell segmentation or deconvolution—
to facilitate straightforward co-analysis with single-cell datasets.

By removing instrumentation barriers while enabling high-throughput recovery of spatially resolved nuclei
per sample, this workflow democratizes access to spatial transcriptomics and expands its utility for both
basic research and translational studies. This instrument-free integration of Trekker technology with the
Illumina Single Cell 3' RNA Prep, T100 kit establishes a new paradigm for spatial genomics—delivering
true single-cell spatial transcriptomes from routine tissue samples using only standard molecular biology
workflows. This method enables widespread application of precise single-cell mapping, driving new
developments for genomics and biomarker discovery research.
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Spatial omics technologies have transformed biomedical research in recent years, much like single-cell
sequencing did a decade ago. However, most existing spatial methods are restricted to fixed biological
samples, limiting our ability to study dynamic cell-cell interactions and temporal changes in living tissues.

To overcome this barrier, our lab has developed a new generation of live spatial omics technologies, multi-
FUNseqg and in situ FUNseq (unpublished), that enable high-sensitivity, whole-transcriptome profiling
directly from living tumor tissue slices. These methods extend our original imaging-guided functional single-
cell sequencing approach (FUNseq; Nat Biomed Eng, 2022), which links cellular phenotypes and behaviors
to their molecular states.

Multi-FUNseqg and in situ FUNseq allow single-cell multi-omic profiling from specific regions of interest in live
tissues. Moreover, in situ FUNseq enables fixation and library preparation directly within the tissue after live-
cell analysis, eliminating the need for tissue dissociation and preserving spatial context.

Together, these technologies open new avenues for investigating real-time cellular dynamics and
microenvironmental interactions that have remained inaccessible to current spatial omics methods.
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The Deep Space Radiation Genomics (DSRG) Experiment aboard NASA’s Artemis | mission was designed

to assess the physiological and genomic responses of eukaryotic cells to the unigue environment of Lunar
spaceflight. Utilizing the model organism Saccharomyces cerevisiae, we conducted bulk and single-cell
phenotyping, Scanning Electron Microscopy (SEM), and single-molecule sequencing techniques on both
flight and ground control samples. While spaceflight-associated structural variants (SVs) were detected,
surprisingly there were no significant differences in somatic mutation rates, either in frequency or in genomic
location.

(continue to page 120)
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(continued from page 119)

However, analysis of the three basepair context of the Single Nucleotide

Variants (SNVs) shows the first deep space radiation DNA damage signature
which is similar, though not identical, to mutational signatures generated from
both the NASA Twins Study and Inspiration 4 mission. Additionally, increased
DNA methylation was detected, a hallmark of DNA damage repair activity. This
methylation was localized near genes related to programmed cell death, while
there was a local depletion near genes encoding for both cell cycle and DNA
damage repair, suggesting a mechanism of purifying selection. Additional analysis
of the transcriptional changes revealed a response that appears specific to UVB radiation. While previous
research has characterized spaceflight-induced changes, our study is the first to obtain a combined
signature comprising DNA damage profiles, epigenetic modifications and transcriptional changes beyond
LEO. The data generated from the DSRG experiment provides a crucial foundation for assessing the
molecular risks to DNA and RNA, and for developing strategies for long-duration spaceflight, This first
comprehensive analysis of eukaryotic genomic and physiological responses to the unique conditions of deep
space provides a resource that will be critical to the success of the Artemis program.
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Many single cell assays require partitioning of individual cells so that target molecules may be barcoded, and
it is desirable to have high confidence that partitioned cells are truly singlets, to better detect rare cell states.
Partitioning individual cells in open nanowells enables both high confidence in single cell occupancy and
allows reaction miniaturization to enhance kinetics while providing flexibility in the development of different
assays. A challenge for this approach however is to print cells sufficiently quickly to enable experiments

of adequate statistical power in a reasonable time. To address this, we developed a single cell dispensing
instrument leveraging inkjet technology with continuous real-time optical feedback and a reactive machine
learning algorithm for high-throughput single cell isolation. The Isolatrix enables rapid partitioning of cells
into open substrates such as nanowell arrays or SBS format plates, permitting high-throughput application
of bespoke genomic assays such as direct transposition single cell whole genome sequencing (scWGS).

We trained the classifier on manually labelled data with a range of cell lines and applied the instrument

to generate scWGS profiles from cultured human cells and primary mouse tissue. Comparison to existing
algorithms, as used on commercially available single cell spotters which are based on predicting single cell
spotting events, demonstrated that our reactive approach, featuring machine learning classification of events
post-dispensing, gives up to a 9.69 times increase in isolation speed. Validation via fluorescent imaging of
cell lines confirmed a classification accuracy of 98.7%, at a rate of 0.52 seconds per single cell under tuned
spotting parameters. Genomic analysis showed low background contamination and high coverage uniformity
across the genome, enabling detection of chromosomal copy number alterations. We are working to deploy
the Isolatrix for production cell spotting for single cell genomics and proteomics at our genome centre, and
exploring ways to make the technology more widely available.
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Long-read sequencing technologies, such as PacBio, have transformed genome assembly by enabling
accurate reconstruction of complex genomes. However, generating high-quality libraries from limited
DNA remains a major challenge, especially for small or rare specimens. The PacBio AmpliFi protocol was
developed to enable low-input long-read sequencing, but its performance across diverse species and
genome sizes has not been comprehensively evaluated.

At the Wellcome Sanger Institute, we investigated the robustness of the AmpliFi protocol using a titration
experiment across several invertebrate species from the Tree of Life project, representing a range of genome
complexities. DNA from each species was prepared and amplified under varying conditions to explore how
input quantity and amplification intensity influence library quality. Libraries were assessed for yield, fragment
size, and suitability for sequencing.

Across all species, clear patterns emerged linking amplification conditions to the balance between library
yield and fragment integrity. These results highlight general principles that can guide the selection of
optimal parameters for long-read sequencing from low-input DNA.

This work establishes a practical framework for refining the AmpliFi workflow and improving the efficiency
of low-input library preparation. Ongoing optimisation includes testing alternative polymerases, reaction
volumes, and size-selection strategies to further enhance performance. By systematically evaluating key
protocol variables, we aim to expand the accessibility of long-read sequencing for challenging samples,
enabling more comprehensive genomic studies across diverse taxa.
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Constellation is a highly simplified on-flow cell library preparation method on the NovaSegTM X which
delivers an expanded genome by enhancing short read sequencing data with on-flow cell proximity
information.

This study evaluates the impact of sample type, DNA integrity, and extraction protocols on the coverage

and accuracy of whole genome sequencing. We demonstrate that it is possible to generate highly complete
genomes from a variety of different primary samples that have been extracted using different methods. Our
findings highlight the importance of using the appropriate collection device combined with the appropriate
extraction kit method. Specifically, we show data from blood, buccal swabs and pre-natal testing (CVS,
amniocentesis and product of conception) and extracted with a range of on-market extraction kits. We show
how DNA fragment size as measured using a TapeStation correlates to coverage in difficult to map regions
and phasing performance in the Constellation workflow. We demonstrate that Constellation is still able to
significantly improve the completeness of the variant calling above short read sequencing alone for those
samples that do not meet quality input requirements for Native Long Read technologies.
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High-content single-cell perturbation screens are pivotal for elucidating gene functions and uncovering
novel biology, yet conventional methods necessitate cell dissociation, forfeiting critical spatial information
essential for dissecting cell-cell interactions and tissue architecture in complex microenvironments. While
spatial CRISPR screening mitigates this partially, existing technologies are constrained by hypothesis-driven
phenotyping panels limited to sparse RNA or protein coverage, curtailing comprehensive gene function
assessment and discovery breadth.

To overcome these barriers, we developed SPACE (SPAtial Cell Exploration), a pioneering platform that
fuses whole-transcriptome profiling, CRISPR perturbations, and multiplexed protein detection at single-cell
resolution within intact 3D tissue contexts. SPACE delivers unbiased, transcriptome-wide readouts alongside
compatibility for up to 76 protein markers, vastly expanding phenotypic landscapes in spatial screens. As the
highest-plex multimodal CRISPR assay to date, SPACE achieves this at unprecedented scale and affordability
- profiling hundreds of spheroids encompassing tens of thousands of cells per slide - greatly outperforming
sequencing-based alternatives in efficiency.

Applying SPACE, we performed CRISPR perturbations across 42 genes in cancer-associated fibroblasts
(CAFs) co-cultured with tumor cells in 3D spheroids, yielding multidimensional multiomic datasets from
hundreds of spheroids. High-confidence guide RNA detection was coupled with robust endogenous mRNA
characterization. Unbiased analyses uncovered new insights on CAF-tumor dynamics: extracellular matrix
(ECM) remodeling, spatially resolved ligand-receptor interactions, and perturbation-specific gene variability.

Notably, ISG20 knockout in CAFs profoundly suppressed multiple matrix metalloproteinases (MMPs) - an
unreported link validated orthogonally - implicating /SG20 in novel ECM regulation and tumor progression.
Some perturbations were further revealed to reshape intercellular signaling, revealing knockout-dependent
spatial ligand-receptor shifts and coordinated expression signatures that underscore microenvironmental
crosstalk in tumor phenotypes.

Culminating in a landmark demonstration, SPACE simultaneously captured whole transcriptomes,
CRISPR identities, and 68 protein markers on one slide, enabling holistic perturbation phenotyping. This
transformative technology propels spatial CRISPR screening into translational realms, facilitating target
and biomarker identification in multicellular models mirroring human tissue intricacy. By merging high-
throughput perturbations with spatially resolved multiomics at transcriptome scale, SPACE catalyzes
discovery in heterogeneous tissues. SPACE datasets will fuel generative Al models for causal biology
inference, accelerating drug discovery and precision medicine.
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The pursuit of a single genomic assay capable of delivering complete information across variant classes
has remained an aspirational goal in genome biology. To date, researchers and clinicians have relied on
a patchwork of technologies, short-read sequencing for SNVs and small InDels, comparative genomic
hybridization (CGH) arrays for copy number variation, and optical mapping and long reads for complex
rearrangements. This fragmentation creates inefficiencies, increases cost, and limits the full potential of
genomic discovery.

Illumina Constellation mapped read technology now provides a powerful one-test-for-all solution, combining
the strengths of diverse platforms into a single, streamlined assay. By enabling PCR-free whole-genome
sequencing (WGS), the approach delivers high-resolution detection of SNVs and InDels, while also capturing
a broad spectrum of copy number variants (CNVs) and other structural variants (SVs). Beyond variant
detection, Constellation mapped reads generate long-range proximity information for haplotype phasing,
refinement of CNV and SV calls, including very complex rearrangements, and improved mapping in regions
of the genome that have historically been intractable with short reads.

We have successfully applied this technology to six clinical samples that were previously resolved using
optical mapping, CGH arrays, long reads, and FISH, demonstrating that Constellation mapped reads are
not only comprehensive but also clinically actionable. This validation highlights the platform’s disruptive
potential to consolidate genomic testing pipelines, accelerate diagnosis, and expand access to advanced
genomic insights.

Looking forward, the implications extend far beyond clinical genomics. The intrinsic long-range

information makes Constellation mapped reads an ideal source of very long-range proximity data, opening
new possibilities for telomere-to-telomere (T2T) assemblies and the development of highly resolved
pangenomes. These applications will be critical in capturing genomic diversity, resolving structural
complexity, and advancing our understanding of genome biology at an unprecedented scale and resolution.
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Formalin-fixed, paraffin-embedded (FFPE) tissues represent a vast and underutilized resource of patient
data for retrospective and translational research. While FFPE enables long-term preservation of valuable
clinical specimens, RNA degradation and fragmentation have historically hindered its compatibility with
single cell RNA sequencing (scRNA seq). Currently, researchers have relied on probe-based FFPE profiling
approaches and are limited to predefined target sets, restricting transcriptome coverage and discovery
potential.

Here, we introduce a novel split-pool combinatorial barcoding method for FFPE tissue that captures the full
transcriptome through dual priming with both poly dT and random hexamer reverse transcription primers.
This workflow extends the scalability of Parse’s single-cell technology to FFPE tissues, enabling unbiased
transcriptome-wide analysis of millions of cells and hundreds of samples within a single experiment. By
capturing a broad range of RNA biotypes, this approach delivers deeper insights into cellular function and
disease mechanisms.

As a proof of concept, FFPE tissues from multiple organs, including kidney, brain, lymph node, liver, and
breast tumor, were processed using our novel Evercode Whole Transcriptome (WT) for FFPE assay. The
resulting single cell datasets demonstrated high-resolution identification of cell types across diverse tissue
types. Comparative analyses between FFPE and matched fresh frozen samples revealed concordance in
gene expression patterns and cell type proportions, validating the approach’s complete capture of sample
biology.

By enabling transcriptome wide scRNA-seq from thousands to millions of cells from FFPE-preserved tissues
across hundreds of samples simultaneously, this method greatly expands access to single cell analyses

of archival specimens, offering a powerful platform for translational oncology, biomarker discovery, and
precision medicine research.
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Whole genome sequencing (WGS) has become a powerful tool for comprehensive genomic analysis,
offering an unbiased view across the entire genome. However, for more insightful research, WGS alone often
lacks the depth of coverage required in specific genomic regions of interest, such as population genomics,
oncological, or disease research-related variants. Conversely, targeted sequencing assays deliver the
necessary depth but lack the breadth and scalability of WGS. There is thus a critical need for an integrated
approach that unifies the simplicity and comprehensiveness of WGS with the precision and depth of
targeted capture, enabling both the utility of genome wide information and reliable coverage of regions
required for deeper insight.

Here, we demonstrate a single, tunable Enhanced Whole Genome (eWGS) workflow that eliminates the
conventional need to separate libraries. By eliminating the splitting and re-pooling of libraries we provide

a method that allows easier sample tracking, and decreases the number of steps and intervention points
thus reducing total turnaround time and risk of sample mishandling. The built-in workflow flexibility includes
support for a wide range of hybrid capture panel sizes, and tunable coverage levels for both whole genome
and targeted regions of interest This is demonstrated for both mechanical and enzymatic fragmentation
DNA library prep kits and with cost-efficient high throughput sequencing.

eWGS libraries were sequenced, targeting either 5X mean WGS coverage and 100X mean target coverage
for exome to predict population genetics studies, or 30X mean WGS coverage and 1000X mean target
coverage of a 536 gene pan-cancer panel for somatic mutation detection. Each enhanced data set shows
that tuned, desired sequencing coverage was met for whole genome and targeted regions, and known
variants were correctly identified in the majority of samples and replicates. We were able to detect both
large rearrangements as well as SNVs with allele frequencies below 2%. Overall, we demonstrate a single-
workflow eWGS process that generates high-quality data suitable for population genomics applications and
accurate variant detection capabilities for oncology research.
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Variation in chromatin structure including whole or partial chromosome copy gain or loss, genome openness
or compartment switching, and TAD boundary disruptions can directly alter transcriptional activity and
protein expression. Amplification of oncogenes, deletion of regulatory elements, and misfolding of chromatin
domains are known to drive gene expression changes in cancer and other diseases. This link between
genome structure and gene expression, while being of fundamental importance, is rarely made on the same
sample. Measurements are often made and correlations inferred from data gathered on replicate or parallel
samples, often in bulk, losing the resolution coming from viewing both systems simultaneously at the single
cell and homolog level.

To address this gap, we present a multiomic assay on the PaintScape™ system using our OncoPaint™
Oncogenic Pathways Panel with associated transcriptome targets. This method enables measurement of in-
situ 3D genome architecture and transcript levels in the same cells and on the same chip. Optical barcodes
target over 1000 genomic loci across the genome, with dense coverage of 45 gene regions spanning
several signaling pathways important in cancer progression Probes for associated transcripts are included.
Automated imaging decodes DNA and RNA targets in-situ, preserving nuclear context and enabling
integrated analysis of structural and functional features in the same cells.

Expanding this capability, we incorporated spatial proteomics targeting a focused set of cell type, cell state,
and structure-associated proteins. These measurements are performed in the same cells, allowing direct
comparison of chromatin architecture to transcriptional activity and protein expression.

Assaying HER2+ breast cancer cell lines HCC1954 and SKBR3 we observed variation in chromosome

copy number such as gain of Chr8qg in HCC1954 and higher ploidy counts in Chr7 and Chr20 in SKBR3.
We observed inter- and intra-chromosomal translocations and proximity of multi-loci interactions, some
identified as ecDNA (e.g. CCND1 in HCC1954). We visualized 3D folding of oncogenic TADs and disruption
of TAD boundaries (e.g. CDK1in SKBR3). Expression varied across cells and populations, aligning with
pathway-level dysregulation in cell cycle, apoptosis, transcriptional regulation, and chromatin remodeling.
This integrated approach enables simultaneous measurement of genome structure, transcript expression,
and protein context in single cells.
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Determining variant phase and parental haplotype assignment from sequencing data is critical for
understanding the complete biological context of genomic variation. This knowledge is crucial for accurately
interpreting compound heterozygous variants in autosomal recessive disease, understanding familial
inheritance patterns, and determining the combined functional effects of variants in a gene. Standard
short-read whole-genome sequencing (srWGS) alone cannot resolve phase in a proband, which necessitates
the addition of parental samples or alternative platforms with higher costs and longer turnaround times.

To address this, we developed a method that leverages lllumina Constellation mapped read technology to
extract long-range haplotype information directly from srWGS data, enabling robust phasing without the
need for parental samples or workflow changes.

Traditional approaches to phasing variant calls start by calling unphased variants and adding phasing
information in a subsequent step. Here we present a novel approach that first phases reads to inferred
ancestral haplotypes and then uses the phased reads to perform phased variant calling. This approach
personalizes the reference genome by selecting the most closely related haplotype segment pairs from a
haplotype database (hapDB), while considering recombination rates and simultaneously phasing reads to
the inferred haplotypes. It leverages long-range Constellation proximity data to provide probabilistic yet
informative assignments of reads to specific haplotypes. It also infers long phase blocks, defined as genomic
segments within which the mapping from inferred haplotype segments to paternal/maternal origin remain
consistent with high probability. Finally, the probabilistically phased reads are used for phased variant calling
(e.g. treating O|1 and 1|0 as distinct genotype hypotheses) where calls are phased with respect to each other
if they are phased to the same ancestral haplotype and share the same phase block. Unlike conventional
pipelines, this method of early phasing improves both speed and accuracy. We report Hamming error rates
below 1% using the HGOO2 T2T truth set, while fully phasing of over 90% of genes. Collectively, this work
represents a paradigm shift in genome analysis workflows, offering a unified, probabilistic framework for
mapping, phasing, and variant calling, and for the first time allowing long distance phasing from short-read
WGS data.
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While widely adopted for comprehensive transcriptome profiling, the methods of poly-A selected or
ribodepleted RNA-sequencing may have key limitations, including input mass requirements, inefficient
fusion detection, and sequencing capacity consumed by non-coding transcripts. RNA fusions and exon-
skipping events, often occurring in cancer cells in low abundance, require targeted enrichment for reliable
detection. In this study, we demonstrate a new workflow that can enrich RNA-seq libraries for protein-coding
transcripts and identify common fusions by utilizing the KAPA RNA EvoPrep Kit with KAPA HyperExome V2
Probes, which can be successfully used for both DNA and RNA targeted applications. This 1.5-day workflow,
with limited hands-on time, was tested with both high-quality RNA and formalin-fixed paraffin embedded
(FFPE) RNA using several input amounts (1,10, and 50 ng).

Sequencing results demonstrate that this new workflow:

1. Enriches for biologically meaningful genes, with over 94% of genes having protein-coding function,
independent of input RNA quality, type, and input mass.

2. ldentifies over 89% of genes as not significantly differentially expressed when compared to traditional
workflows.

3. Reduces input mass requirements while retaining 90-96% concordance between high-quality and FFPE
RNA samples.

4. Enables detection of many common RNA fusions and exon-skipping events such as EGFR variant Il and
MET 14 exon skipping.

Altogether, these results demonstrate that the RNA-exome sequencing workflow used in this study can be
leveraged to enrich exonic sequences from as little as 1 ng RNA and to identify fusions from as little as 10 ng
RNA and 30 million read pairs.

For Research Use Only. Not for use in diagnostic applications. The RNA-exome sequencing workflow has
been developed with high-quality and FFPE reference materials. Not a validated workflow at this time.
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Next-generation sequencing (NGS) has enabled the discovery of thousands of candidate biomarkers across
a wide range of diseases and traits. Translating these discoveries into practical, quantitative assays remains
a major challenge. Conventional gPCR and dPCR platforms are widely used for low-plex validation, but
their limited multiplexing capacity constrains scalability. Moreover, high-plex PCR assays typically require
extensive optimization to balance amplification efficiencies and minimize cross-reactivity, limiting their
utility for large-scale validation and clinical assay development. A quantitative platform that combines high
multiplexing, digital precision, and efficient use of limited samples is needed to close this gap.

We describe a single-molecule quantitative PCR approach, Countable PCR, designhed to address these
challenges. The method isolates and amplifies up to one million individual DNA molecules in parallel without
sample loss, followed by high-resolution 3D light-sheet imaging for digital counting. Operating in the single-
molecule regime enables precise quantification and straightforward multiplexing, as each molecule amplifies
independently without inter-target competition. Using ten spectrally distinct fluorophores, this system
detects ten independent targets simultaneously on a four-color imaging platform. By applying combinatorial
fluorophore labeling, multiplexing is extended beyond twenty targets within a single reaction.

We demonstrate applications including a >20-plex respiratory pathogen detection panel and a 16-plex gene
expression panel, both developed with minimal optimization. Quantitative results show concordance with
single-plex assays and maintain high target specificity. Data from these panels were further analyzed using
multivariate and high-dimensional visualization methods such as UMAP, analogous to approaches used in
single-cell transcriptomic analysis, enabling intuitive interpretation of multiplexed results.

This single-molecule PCR framework establishes a scalable strategy for high-plex quantitative analysis
with NGS-comparable precision. It provides a generalizable approach for accelerating biomarker validation
and supports the development of multi-gene assays for cancer subtyping, prognostic scoring, pathogen
detection, and other applications requiring rapid, high-plex quantification.
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In cancer, clonal tumor populations evolve and accumulate heterogenous genetic aberrations, including
chromosomal rearrangements, copy number variations (CNVs), and single nucleotide variations (SNVs).
Spatially resolving genetic aberrations is essential for understanding the evolution, progression, and
migration of cancer. However, current spatial omics platforms cannot yet capture genome-wide aberrations,
primarily due to the lack of true single-cell spatial technologies and high-throughput single-cell whole-
genome amplification (WGA) methods. Here, we combined TBUSA’s TrekkerTM spatial single-cell mapping
platform with our Shasta WGA technology to enable spatial mapping of whole-genome CNVs at single-
nucleus resolution.

Using Trekker, nuclei are labeled with spatial barcodes released from a microbead array upon UV exposure.
Individual tagged nuclei are then dispensed using the Shasta® Single Cell System, which provides automated
nanoliter-scale dispensing and library preparation, to generate WGA libraries with unique single-nucleus
barcodes for over 1,300 nuclei per chip. The WGA reaction employs quasi-random primers for highly uniform
and reproducible genome amplification using only 300 nL of reagents per nucleus. Following sequencing,
CNV profiles are reconstructed from single-nucleus barcodes and mapped to their spatial coordinates,
enabling direct association of genome-wide variations with pathological features captured in H&E images.

To demonstrate utility of the platform, 1,312 spatially barcoded nuclei from a 25-um fresh-frozen mouse
kidney section were processed in one chip. The WGA libraries were sequenced to a median depth of
250,000 reads per nucleus, and single-nucleus CNV profiles were derived at 1-MB bin resolution. Sequencing
data showed high mapping rate, low duplicate rate, and comparable genome coverage uniformity as control
cell lines. Nuclei were successfully mapped with spatial barcodes, establishing a spatial CNV map of the
mouse kidney section. The workflow was further validated on tumor FFPE samples. To enhance throughput,
a dual-chip dispensing module was implemented, enabling processing of up to 4,000 nuclei per run. The
combined Trekker/Shasta WGA platform provides the first end-to-end solution for spatially mapping whole-
genome copy number profiles at single-nucleus resolution, offering a powerful new approach for advancing
cancer research.
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Resolving structural variants (SVs) is a significant genome analysis challenge, particularly with regards to
interchromosomal and intrachromosomal rearrangements and complex SVs. These events are challenging for
any sequencing technology, with only recent studies demonstrating the capacity of long-read sequencing

to reconstruct complex SVs. When extending beyond sequencing, molecular assays, including FISH,
chromosomal microarrays, and karyotyping, are limited to gross structural rearrangements. The absence

of reliable assays and methods to resolve these rearrangements prevent a complete understanding of the
mechanisms by which they contribute to disease. This impedes molecular diagnosis, extends diagnostic
odysseys, and impairs a more comprehensive picture of the contribution of SVs to genetic disease.

We present a novel method for reconstructing complex SVs using Constellation mapped read technology
(“Constellation”). This method excels in resolving complex SV architectures, including multi-breakpoint
events and heterogeneous rearrangements, which are typically refractory to short-read-based pipelines.
We present complex SV reconstruction with Constellation across a range of samples with challenging
rearrangements, including 30 complex multibreakpoint SVs, 6 ring chromosomes, 40 translocations, and 25
inverted insertions/duplications and inversions, comprising both balanced and unbalanced events.

Included in this set are 3 previously characterized MECP2 trios with a tandem duplication, an inverted
duplication, and a complex duplication-triplication-duplication structures, where Constellation successfully
confirms the disease-associated rearrangements. Constellation’s long-range information enables
reconstruction of multi-kilobase templates, offering a more comprehensive view of genomic architecture.

Additionally, the absence of spatially proximal reads in colocation plots can serve as a negative indicator,
filtering false positives events which rely on read-level evidence alone. We used this property to improve
intrachromosomal and intrachromosomal rearrangement calling, reducing the triage burden needed to
identify critical SVs, including balanced and unbalanced translocations. In a set of 40 samples, Constellation
can reduce the number of candidate translocation events by up to 80%, while maintaining high sensitivity.

Constellation enables long-range resolution that is broadly applicable to population genomics and rare
disease research. By expanding the capabilities of short-read sequencing, Constellation mapped read
represents a transformative advance in complex structural variant detection and curation.

For research use only. Not intended for diagnostic purposes.
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The rapid advancement of sequencing technologies has delivered unprecedented insights into the biology
of human genome. Most strikingly, the proven single-molecule long-read sequencing technologies have
delivered the complete, gapless T2T human genome reference, while significant improvement of efficiency
in the production of high-output, highly accurate short-read data has accelerated the scale and resolution
of genome variation analyses. We have evaluated the performance of sequencing chemistries from six
commercial and emerging platforms for their ability to accurately identify human genetic variation. We
produced 18 high quality sequencing datasets from Element AVITI, PacBio ONSO, Roche SBX, Illlumina
NovaSeg6000/NovaSegX, Ultima UG100/ppmseqg and MGI T7 using same batch benchmarking DNA from
HGOO2 and COLO829BL as part of the Somatic Mosaicism across Human Tissues consortium. Sequencing
data were mapped to a GRCh38 reference genome as well as high-quality diploid donor specific assemblies
(DSA), respectively for systematically evaluating the sequencing error profiles. The use of a DSA effectively
removes majority genetic variation and allows us to examine true sequencing errors. The sequencing output,
quality, bias, error rates and modes were objectively evaluated. We found that PacBio ONSO has the lowest
single base mismatch rate at less than 0.5 per Kb. As well, the duplex sequencing modes of both Ultima
ppmSeqg and Roche SPX-D platforms significantly improve accuracy. Small indel mismatch rates were also
studied. The Element AVITI platform with UltraQ chemistry showed the lowest indel mismatch rates at
approximately 0.002 per Kb. If base quality is taken into consideration, mismatch rates improve by almost
an order of magnitude when considering only the highest quality base calls. Finally, we show that base score
recalibration using GRCh38 worsens the base quality scores for selective sequencing technologies. These
results provide valuable insight for studies looking to accurately study low allele fraction variants.
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Copy number variation (CNV) is an important source of genetic variability in humans, influencing both
normal and deleterious phenotypic traits. In cancer, the prevalence of CNVs has prompted comprehensive
studies of CNV landscapes across tumor types. In the field of cell and gene therapy, genomic stability

of engineered cell lines is a key indicator of clinical safety. Conventional karyotyping methods, such as
G-banding or molecular techniques based on hybridization arrays, often fall short due to low throughput or
reliance on bulk genomic DNA, which obscures cellular heterogeneity. Recent advances in next-generation
sequencing and single-cell sample preparation have significantly improved data resolution and depth.
Single-cell DNA sequencing protocols that employ whole-genome amplification (WGA) are now available;
however, their reliability and cost are not yet optimal.

Here, we present a genome-wide CNV profiling technigue based on the use of semi-permeable capsules
(SPCs) for cell isolation. SPCs enable easy multi-step processing of cellular genetic material and support
a convenient and scalable combinatorial barcoding. Importantly, we demonstrate the feasibility of single-
cell whole-genome library preparation without DNA pre-amplification, thereby alleviating data analysis
challenges related to amplification bias.

As a proof of concept, we conducted six barcoding experiments, processing approximately 60,000 cells
from the GM12827 and K562 cell lines, and deeply sequenced a subset of 1,800 cells. GM12827 exhibits a
stable diploid karyotype, while K562 is hypotriploid. We used the AneuFinder tool to analyze CNV profiles
of individual cells and compare the results with the pseudo-bulk dataset. The best concordance in karyotype
calls across per-cell coverage depths was observed at a 5 Mb resolution. The resulting karyotypes aligned
well with expected cellular states. Notably, high-throughput single-cell analysis revealed rare subpopulations
with CNV profiles that deviated from the pseudo-bulk consensus. For biological validation, we applied

this protocol to nearly 2,000 cells from acute myeloid leukemia (AML) patient samples and identified rare
populations with clinically significant aberrations that would likely be missed using bulk approaches.

Collectively, this study expands the molecular genotyping toolkit, offering a robust and scalable method for
exploratory genotyping that supports both disease characterization and quality control of engineered cell
lines.
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Circulating trophoblasts (cTBs) provide a direct, cell-resolved view of fetal and placental biology, yet their
extreme rarity and fragility have made them inaccessible by standard single-cell workflows.

We developed a one-hour protocol that captures and barcodes mRNA from 10 mL of whole blood without
red-blood-cell (RBC) lysis, RBC depletion, or separate encapsulation. The chemistry unifies trophoblast
isolation and reverse transcription within a single reaction, eliminating cell loss and preserving fragile fetal
cells.

In a pilot study of five pregnant donors (gestational ages 9-15 weeks), we recovered an average of 0.8 cTB
per mL of whole blood (approx. 8 cells per 10 mL sample) with an average trophoblast purity of 52% and
an estimated maternal transcript contamination below 0.9 transcripts per cell, well below the detection
threshold. The high purity of the genetic material enabled direct sequencing without any additional
enrichment or purification steps, further minimizing handling artifacts. Median expression depth reached
8,340 UMIs per cell and 1,960 genes per cell, approximately fourfold and 1.7-fold higher than paired PBMC
controls (3,010 UMIls per cell, 1,180 genes per cell), respectively. Differential-expression analysis identified
distinct trophoblast populations. Fetal origin was confirmed from heterozygous single-nucleotide variants
and Y-linked transcripts in male pregnancies, derived from cDNA sequence data.

These results demonstrate that lineage-resolved single-cell transcriptomes can be obtained directly from
unprocessed maternal blood with high purity and sensitivity. This capability enables non-invasive access to
intact fetal cells and establishes a scalable foundation for next-generation single-cell prenatal diagnostics.
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Haploinsufficiency of the chromatin regulator SETDS5 causes intellectual disability and an autism spectrum
disorder. However, the immediate cellular consequences of acute SETDS5 loss in a human developmental
context remain poorly understood. To address this, we engineered human induced pluripotent stem cells
(hiPSCs) using CRISPR-Cas9 to endogenously fuse a degradation tag (dTAG) to the SETDS5 gene. This
system enables rapid, specific, and reversible depletion of SETD5 protein upon addition of the small
molecule dTAG-13, providing precise temporal control over protein function. To characterize the effects

of acute SETD5 loss in hiPSCs, we employed a novel high-plex spatial multi-omics platform that allows
simultaneous quantification of protein and RNA expression with subcellular resolution. Inducible degradation
of SETDS5 resulted in profound and rapid alterations to the cellular landscape as well as changes to nascent
transcription - these are detected by using the ratio of nuclear/cytoplasmic transcripts and the observed
changes were validated by csRNA-seq (capped small RNA-seq), an orthogonal, bulk level approach for
capturing nascent transcription. Spatially resolved analysis revealed a significant disruption of the cell cycle
as a primary consequence of SETD5 depletion. Specifically, treated hiPSCs exhibited a notable accumulation
of cells in the G2/M phase, coupled with a corresponding decrease of cells in the G1/S phases. This cell cycle
arrest was underpinned by the coordinated downregulation of key proliferative drivers, (e.g., CDK1, CDK2,
CDKNI1B and RB) and the upregulation of cell cycle inhibitors at the protein levels. Further we detected
changes in the transcript levels of multiple ASD-linked genes such as SEMA5A, ROBOZ2 and NLGNT following
the depletion of SETD5. These changes were also appreciable at the level of cell morphology. Our findings
demonstrate that acute SETDS5 loss directly impairs cell cycle progression and nascent transcription of ASD-
linked genes in hiPSCs, providing a potential mechanistic basis for the neurodevelopmental defects observed
in patients. Altogether, our experimental system, combining inducible degradation with high-resolution
spatial profiling, presents a powerful framework for dissecting the function of critical developmental genes.
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Accurate genotyping is fundamental to population genetics, enabling the characterization of genetic
diversity within and between populations. In recent years, genotyping-by-sequencing (GBS) has increasingly
replaced microarray-based approaches due to its ability to detect a broader spectrum of genetic variants
and the declining cost of sequencing technologies. Low-pass whole-genome sequencing (IpWGS),
performed at 0.1-5x coverage and combined with statistical imputation, has emerged as a cost-effective
strategy for genotyping large cohorts while still capturing genome-wide variation.

A major bottleneck in scaling IpPWGS to hundreds or thousands of samples lies in the complexity of library
preparation workflows. Traditional multi-step protocols are labor-intensive, time-consuming, and susceptible
to contamination and batch effects, which limit scalability and reproducibility in large-cohort studies.

ExpressPlexTM Plus addresses these challenges with a streamlined, single-step library preparation workflow

that integrates tagmentation and amplification within a single thermal cycling reaction, minimizing hands-on
time. The method also automatically normalizes libraries across a tenfold range of input DNA concentrations,
eliminating the need for pre-quantification and manual normalization.

In this study, we benchmarked genotyping accuracy from ExpressPlex Plus libraries at 0.5x coverage

against those generated using a conventional multi-step workflow. Genotype imputation sensitivity and
accuracy, as assessed by F1 scores and related metrics, were comparable between methods. However, the
ExpressPlex Plus workflow was completed in under 100 minutes, compared to over three hours for the multi-
step protocol, demonstrating a significant improvement in efficiency without compromising genotyping
performance.

These findings demonstrate that ExpressPlex Plus provides a technically robust and time-efficient approach
for low-pass WGS library preparation. The comparable imputation accuracy to conventional workflows,
combined with a substantially reduced preparation time, supports its application in large-scale genotyping
studies where throughput, reproducibility, and cost-effectiveness are critical.
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Paralogous, medically relevant loci remain difficult for standard short-read sequencing because of high
homology. Clinical workflows often require targeted assays (MLPA, LR-PCR) that rarely provide haplotype
resolution at large distances, or long-read reflex testing, adding cost and days of turnaround. We present
lllumina’s Constellation mapped read technology with new informatics that can utilize long-range proximity
from the original DNA molecule and generate haplotype-resolved genotypes in “dark” regions de novo,
using short reads, within three days from DNA extraction.

We evaluated Constellation across 31 clinical samples spanning SMN1/2, PMS2, CYP21A2, STRC, NCFI,
IKBKG, CFCI, and HYDIN and assessed pathogenetic variant detection performance under various genome
complexities, including recombination, gene conversion, and copy number changes. These regions have
98.2-99.9% homology and sizes vary from 18-357kb. Constellation matched or exceeded long-read
sequencing and standard-of-care (SOC) performance while providing fully phased haplotypes.

In nine spinal muscular atrophy cases, we produced fully phased SMNT and SMNZ2 copies and accurately
quantified SMNT copy number in homozygous (n=4) and heterozygous (n=5) deletion backgrounds.

In seven Lynch syndrome cases, we resolved all haplotypes across the high-homology PMS2/PMS2CL region
and correctly assigned pathogenic variants to PMS2 versus PMS2CL. A tandem duplication in PMS2CL was
resolved which MLPA could not.

In five congenital adrenal hyperplasia cases, we reconstructed the RCCX locus, distinguished CYP21A2,
CYP2TAIP, and fusion copies, and delivered haplotype-resolved calls exceeding MLPA and LR-PCR resolution.
In one previously unresolved affected proband, we detected two CYP2IAIP and one CYP2]A2 copies on one
haplotype, and two CYP2TA2 copies on the other, all carrying the pathogenic variants, providing molecular
confirmation.

In a hearing loss case, the phenotype indicated an affected individual, yet the SOC assay reported a carrier
based on a copy-number deletion of STRC. Constellation detected a complete deletion of one STRC allele
and a pathogenic small variant in the other, confirming the affected status.

Collectively, Constellation resolved known pathogenetic variants in 31/31 cases across eight paralogous
genes. These data support that Constellation provides a unified, genome-wide assay that brings historically
“dark” regions into routine clinical research while reducing the need for orthogonal workflows with
associated complexity, and time to result.
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Structural variants are increasingly recognized as a cause of pediatric genetic disease but remain difficult
to resolve with short-read sequencing. Long-read genome sequencing, such as Pacific Biosciences (PacBio)
methodology, improves detection of these events and enables haplotype phasing and methylation analysis
by sequencing long native molecules in a PCR-free manner.

The Institute for Genomic Medicine at Nationwide Children’s Hospital, has implemented PacBio sequencing
in the research and translational space. To evaluate clinical feasibility, we compared PacBio recommended
library preparation workflow against an in-house protocol designed to optimize recovery and balance
turnaround time with sequencing quality. PacBio recommends a 500 ng of input DNA, short-read eliminator
treatment, shearing to 15-20 kb, 30 min incubations for end repair and ligation, 15 min nuclease treatment,
and final AMPure PB bead size selection (>5 kb), with reported average final library recovery of ~15% from
input DNA.

In contrast, our in-house method doubled the input to 1,000 ng, incorporated shearing on the Megaruptor3
targeting 27-30 kb when needed. We performed extended incubations: end-repair 60 min, overnight
ligation, 45 min nuclease treatment, and BluePippin size selection 8.5-50 kb. We evaluated this protocol
across 15 pediatric samples (oncology, rare disease, epilepsy, and neuromuscular disease) derived from
blood, bone marrow, tissue, and cells. Starting gDNA quality varied widely, with mode sizes ranging from
13.6 kb to >60 kb, reflecting the true variability of clinical samples, yet strong recoveries were consistently
achieved. We observed an average library recovery of ~22.4% (11.7-31.5%), higher than the PacBio protocol
despite the more stringent size cutoff. Sequencing on the Revio system with SPRQ chemistry at 101-175 pM
loading achieved HiFi yields of 63.6-130.5 Gb (mean 103.5 Gb), mean read lengths of 12.6-19.5 kb (average 16
kb), and mapping coverage of 20-41x, with 11 of 15 samples (73.3%) surpassing 30x genome coverage.

This work demonstrates that targeted protocol modifications can increase library recovery and sequencing
performance, even when starting material is of suboptimal quality. By benchmarking against the
manufacturer’s SOP, we provide a framework for clinical laboratories to consider trade-offs in input, recovery,
and turnaround time when adopting long-read sequencing for pediatric genomic medicine.
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High-plex spatial imaging of brain cells remains a major challenge due to the extraordinary complexity

and scale of neural morphology. Neurons possess axons and dendrites that extend far beyond the cell

body, forming vast, branching networks. This organization requires precise control of energy metabolism,
ionic gradients, and protein localization to support essential functions like signal transmission and neural
adaptability. These processes depend on localized RNA translation and organelle positioning in specialized
regions such as synapses and dendritic spines. Mitochondria, for example, are enriched at synaptic sites,
supporting neuronal communication through energy production and calcium buffering. Dysfunction of
mitochondria and other organelles is strongly implicated in neurodegenerative diseases such as Alzheimer’s
disease (AD), highlighting the need for spatially resolved sub-cellular mapping to understand neural function
and pathology.

Existing cell segmentation algorithms primarily focus on the soma, leaving much of the biology-rich
architecture of brain cells unprofiled in spatial omics workflows. The CosMx® Spatial Molecular Imager
(SMI) addresses this limitation by enabling high-plex detection of proteins and RNAs on the same tissue
section. This multiomic approach improves segmentation of neural projections and subcellular features,
allowing more accurate assignment of transcripts to individual cells and compartments. The assay begins
with detection of 76 proteins using oligonucleotide barcode-conjugated antibodies, followed by protease
digestion and transcript detection via barcoded RNA probes. The protein portion targets key organelles
(e.g., mitochondria, lysosome), regulators of translation (e.g. P-bodies, ribosomes), cell type markers, and
Alzheimer’s pathology, while RNA provides a comprehensive view of 18,000+ protein-coding genes.

We demonstrate this multiomic approach through analysis of 6 human AD and healthy brain sections

across various brain regions. By integrating protein and RNA, results reveal unprecedented segmentation

of neurons and glia, increasing counts per cell and improving annotation of neuronal, glial, and vascular
subtypes. Organelle-specific markers enable evaluation of subcellular compartments and associated mRNAs.
We observe that mitochondrial abundance and organization differ across brain cell types and are further
shaped by spatial proximity to Alzheimer’s disease pathology, suggesting local microenvironments influence
mitochondrial homeostasis. These findings mark a key advance in quantifying subcellular, spatially resolved
gene expression in Alzheimer’s pathology at unparalleled multiplexing.
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High-throughput proteomics technologies enabling comprehensive quantification

of plasma and serum proteins are rapidly evolving as powerful tools for disease biomarker discovery and
immune response analysis. This study compared the measurement characteristics and data correlation
across three representative platforms—Olink's HT system, SomalLogic's SomaScan 11K, and Illumina Protein
(SomaScan 7K ver)—using the same plasma sample cohort.

Analysis of plasma samples from the same subjects (n=75) using three methods showed a Spearman
correlation coefficient of r=0.42 between SomaScan and Illlumina Protein, indicating good agreement
between the two aptamer-based approaches. In contrast, the correlation between Olink HT and SomaScan
was r=0.36, and between Olink HT and SomaScan was r=0.27, reflecting differences in detection principles
and antibody/aptamer selection, yielding moderate correlations. The correlation coefficients comparing
these three methods all exhibited a bimodal distribution, splitting into groups with high and low correlation
coefficients. Among the 2,551 proteins common to all three methods, 510 proteins showed a correlation
coefficient of r = 0.6 in all comparisons, indicating high reliability regardless of the system used. These
results further suggest that the quality of results obtained may vary depending on the method and detection
system used, necessitating careful consideration in method selection and data handling.

We collaborated with Bio Bank Japan, a disease-oriented cohort, to perform over 10,000 Olink assays on
serum/plasma samples. The average %CV for Olink HT was 10.1, with r=0.86, yielding highly reproducible
data. Data from 3,000 individuals has already been released, representing the largest proteome dataset for
the Japanese population. Results from large-scale Olink testing suggest that this method enables highly
sensitive and reproducible quantification in multi-sample analyses using clinical samples. Its complementary
use with other methods allows for more precise biological protein profiling. This presentation reports
detailed correlation analysis results, including comparisons of measurement characteristics, and detection
limits across platforms.
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Formalin-fixed, paraffin-embedded (FFPE) tissue represents an abundant and clinically valuable source of
genomic material, yet nucleic acid degradation and chemical modifications inherent to FFPE processing
pose significant challenges to downstream analyses. The limited quantity of extracted DNA further restricts
the ability to perform multiple assays for comprehensive biomarker evaluation. The Illlumina 5-base workflow
integrates genetic and epigenetic information in a single assay, enabling simultaneous whole-genome variant
calling and methylation detection from a single sample prep. Here we present an assessment of 5-base
compatibility with FFPE samples.

Genomic and epigenomic variant detection accuracy was evaluated using genomic DNA (gDNA) from fresh
frozen tissue or FFPE inputs processed through whole-genome sequencing (WGS) and 5-base workflows. All
sample types generated high-complexity libraries with mapping rates exceeding 85%, independent of FFPE
DNA quality (ACqg 1-4). Methylation annotations were concordant across technical replicates, with minimal
introduction of false-positive or false-negative methylation conversion events in FFPE. Somatic variant
detection sensitivity was >80% for both 5-base with FFPE samples, with minimal reduction observed for
5-base compared to WGS (= 3%).

When evaluated in a tumor-informed MRD use case, 5-base successfully captured tumor fingerprint
mutations from FFPE that were also detected in matched cfDNA, while additionally identifying cancer-
informative methylation signatures. This combined variant and methylation information substantially
increased the total informative signal in cfDNA compared to 4-base workflows.

These results highlight the technical feasibility of using lllumina 5-base to obtain multiomic, clinically
actionable profiles from FFPE samples. By unifying methylation and variant detection in a single workflow,
5-base enables more comprehensive molecular profiling and supports development of high sensitivity
applications spanning oncology research and translational biomarker discovery.
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Spatially resolved microRNA (miRNA) profiling remains a key frontier in the rapidly advancing field of spatial
omics. Until now, no imaging-based platform has achieved omics-scale detection of these small conserved
noncoding RNAs, which regulate up to 30% of human genes through translational repression or mRNA
degradation. miRNAs exhibit distinct spatial, temporal, and cell type-specific patterns. Dysregulation of
these patterns is linked to a wide range of diseases. In cancer, miRNAs can act as oncogenes (e.g., miR-

21), tumor suppressors (e.g., miR-200 family), or immune modulators (e.g., miR-155), underscoring their
relevance for both mechanistic and translational research.

miRNAs have been largely inaccessible to spatial transcriptomics due to short sequence length, which

poses a challenge for conventional in situ hybridization probe design. CosMx® SMI addresses this limitation
by using a strategy to attach readout barcodes to miRNA targets in tissue. Detection is achieved through
multiple rounds of reporter binding and fluorescence imaging. Although over 38,000 miRNA sequences are
cataloged, only a subset is considered biologically or clinically relevant per the latest miRBase database
release. The CosMx miRNA Expression Panel targets these most impactful 827 human miRNAs, including key
molecules such as miR-21, miR-200 isoforms, and miR-155, among others.

Here, we showcase miRNA detection at the highest plex ever achieved at subcellular resolution with an
imaging-based platform in sections of formalin-fixed paraffin embedded (FFPE) colon adenocarcinoma.

By integrating over 800 miRNAs and 68 proteins or over 1000 RNAs in a multiomics workflow, we enabled
precise cell typing and tumor microenvironment profiling. Spatial analyses revealed distinct miRNA patterns,
such as miR-21 enrichment in tumor cells, and uncovered miRNA-mRNA interactions, highlighting regulatory
networks across tissue compartments. These results underscore the power of high plex spatial miRNA
imaging for translational and clinical research.
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The epithelial sodium channel (ENaC) plays a critical role in regulating sodium homeostasis and blood
pressure. Rare and common variants in ENaC subunit genes (SCNNTA, SCNNI1B, SCNNID, SCNNIG) have been
implicated in cardiovascular and renal conditions (e.g., hypertension, hypotension), yet their mechanism of
action remains incompletely characterized.

In this work, results are presented from extensive analyses of ENaC subunit variants across multiple
population-scale datasets using a multi-dimensional strategy. The REVEAL biomedical analytics platform
was used for single variant and gene-based analyses via REGENIE and REGENIE-GENE. This study
utilized the 470K whole exome sequencing dataset from UK Biobank and clinically relevant phecodes for
hypotension, hypertension, hyperkalemia, hypokalemia, and glomerular filtration rate (GFR). This analysis
was tested and replicated in the All of Us Research Program.

Other large summary statistics datasets (e.g., FinnGen, OpenTargets, eQTL Catalogue) were cross-
referenced to assimilate further evidence on variant-trait associations in REVEAL'’s BiolLens application. For
further orthogonal validation, the ESM1b protein language model was employed to predict variant functional
impact and conduct variant knockout assays in Xenopus oocytes to assess functional consequences on
ENaC activity. To evaluate potential causal relationships, two-sample Mendelian randomization (GSMR) and
pairwise conditional colocalization (PWCoCo) was applied to variants and traits with the strongest evidence
of association.

This multi-dimensional approach, integrating population genetics, functional genomics, computational
protein structure prediction, and causal inference analysis, enables more robust target identification,
validation, and exploration of mechanism of action. By leveraging the REVEAL platform'’s capabilities for
multi-modal data integration and provenance tracking, it demonstrates a generalizable framework for
moving from genetic association to mechanistic understanding in complex trait biology.
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Methylation patterns are key biomarkers involved in many disease processes, but current gold standard
methods for methylation profiling have many limitations. Recently, approaches such as TET-Assisted Pyridine
Borane Sequencing, commercialized by Watchmaker Genomics as TAPS+, have addressed these limitations
with a novel chemistry that converts methylated rather than unmethylated cytosines. TAPS+ preserves DNA
integrity, enabling integrated dual-omic analysis with accurate detection of genomic variants, copy number
changes, and methylation states within the same assay.

To evaluate the TAPS+ technology for methylome-enabled cell-type deconvolution, we generated whole
genome (WGS) and promoter-region target-enriched sequencing for a cohort of PBMCs and sorted immune
cells. Application of the TAPS+ technology in this dataset demonstrated several compelling advantages

over standard methods, as well as strong concordance between the WGS and targeted results. Since TAPS+
leaves a much larger fraction of the genome unmodified, we were able to use a standard enrichment kit,
instead of one designed specifically for methylation converted libraries. This feature is highly desirable

for developing cost effective methylation sequencing assays that can be deployed to accurately profile
methylation patterns of large biobank collections. With the TAPS+ method and a Twist Biosciences custom
panel, enrichment resulted in a >99% mapping rate, with over 80% of reads mapping to the targeted regions.
Methylation rates were highly concordant between WGS and enrichment samples, with an observed mean r2
over 0.99. We also found good agreement between TAPS+ WGS methylation rates and matching previously
generated whole genome bisulfite sequencing data across CpG densities. Hierarchical clustering using
Ward’s method on both WGS and targeted panel TAPS+ datasets accurately clustered the 11 replicates into
their respective 4 cell types. Finally, we observed germline variant calling accuracy (SNP F1: 0.989, Indel

F1: 0.959) on TAPS+ WGS of the HGOO2 cell-line, demonstrating the dual-omic utility of this technology.
These results support continued evaluation of the TAPS+ technology for a variety of clinical and research
applications in our platform.
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Rationale:

The LINE-1 retrotransposon is a virus-like DNA parasite that has written at least a third of the human
genome and is our only remaining active protein-coding transposon. LINE-1 attempts to “copy and paste”
itself in the genome through an RNA intermediate via retrotransposition, a process mediated by sequential
activities of the encoded ORF2 protein (ORF2p) endonuclease (EN) and reverse transcriptase (RT) domains.
This insertional mutagenesis can cause sporadic genetic disease, and around 5% of humans have a new
LINE-1-mediated genomic insertion not present in either parent. LINE-1 also contributes to the pathologies
of common diseases, including cancer, by causing inflammation and DNA damage. DNA damage is EN-
dependent, and the number of yH2AX damage foci far exceeds the number of completed retrotransposition
events in model systems, suggesting DNA damage may occur outside of retrotransposition. Canonical LINE-1
insertions occur preferentially at 5'-TTTTT|AA consensus motifs, but it is unknown whether this preference
comes from site-specific EN DNA nicking or by sequence requirements in the subsequent RT priming step,
in which the cut gDNA flap must pair with the poly(A) RNA template. What sequences EN cuts in the human
genome or in isolated DNA in general is not known because only completed events can be recovered from
cells, due to technical limitations in purifying ORF2p, and challenges mapping nicks in a complex DNA
mixture.

Approach:

To address these knowledge gaps, we purified ORF2p EN to homogeneity from E. coli, as well as a
catalytically inactive mutant as a control and assayed their cleavage patterns on Lambda, E. col/i, and human
DNAs using electronic genome mapping, a technique that directly measures nick positions on long DNAs.

Results:

Analytical methods were modified to minimize false positives and enable the detection of low-level nicking.
The frequency of nicks increased in an EN activity- and concentration-dependent manner. Mapping of low-
frequency nicks to specific sites is underway.

Conclusions:

These results reveal a powerful new method to directly measure genome-scale endonuclease nicking. Future
applications of this technology may also be used to directly assay other DNA modifications and damage at
scale.
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Single cell profiling at massive scale has become critical for advancing biomedical research, offering
unprecedented insights into cellular heterogeneity, tissue architecture, and disease mechanisms. Landmark
initiatives such as the Human Cell Atlas and the Billion Cells Project are driving an urgent demand for
higher-throughput single cell technologies. Simultaneously, there is increasing need for platforms that can
accommodate a wide range of clinically relevant sample types including blood, fresh or frozen tissues, and
FFPE blocks, while enabling efficient sample collection, transport, storage, and batch processing. GEM-X
Flex is currently the only platform that addresses all these demands, and enables profiling of up to 320,000
cells per GEM-X microfluidic chip lane with the capability of 16-sample multiplexing. Building on this
foundation, we are excited to introduce GEM-X Flex v2, a major upgrade featuring dramatically expanded
multiplexing capabilities that enables simultaneous processing of up to 384 samples and profiling of up to
100 million cells per kit.

To demonstrate the expanded multiplexing capacity of the GEM-X Flex platform, we first processed 96
FFPE sections derived from a variety of human healthy and cancer tissues within a single 96-well plate using
a novel xylene-free deparaffinization protocol. The resulting nuclei were processed using the GEM-X Flex

v2 workflow with 96 unique multiplexing barcodes, and loaded onto a single GEM lane of a chip for a final
recovery of 1 million nuclei.

In a separate experiment, we profiled perturbation responses in four colorectal cancer cell lines treated with
a panel of 24 small-molecule compounds intended to enhance Wnt signaling. Perturbations were performed
across two time points using a 384-plex configuration. Importantly, adherent cell lines were maintained
attached to cell culture plates throughout the probe hybridization process, before being detached, pooled,
washed and then loaded into a single GEM lane of a chip.

Our study highlights the power of the GEM-X Flex v2 workflow with two high-throughput applications

for both clinical sample profiling of FFPE samples and anti-cancer drug mechanism studies on adherent
cells. With improved sensitivity, higher sample throughput, and reduced cost, GEM-X Flex v2 is a powerful,
versatile platform for large-scale single cell transcriptomic studies.
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As sequencing technology advances researchers find themselves torn between juggling relatively low

pass WGS and deeper targeted coverage. WGS approaches give the most complete data, while targeted
enrichment allows deep coverage to provide insight into rare events, but it is limited by the target space. As
a result of this, there is a growth in experiments that look to mix and match the two approaches and get the
benefits of both. This is often referred to as Enhanced Whole Genome Sequencing (eWGS). Although several
approaches are used, they all require splitting samples or library and often some sort of repooling before
sequencing. This may result in fragmented data that needs to be sewn together or risk of mixing up samples.

We introduce a novel, tunable, single-library approach to simplify eWGS experiments. After adapter ligation,
libraries are amplified with a conditioning reagent and then taken through a regular capture protocol with

a standard hybrid capture panel. By adjusting the e WGS conditioning reagent we show we can change the
WGS vs hybrid capture target coverage while still using the same streamlined workflow. This approach can
utilize different adapter strategies, including full length adapters as well as stubby adapter with indexing
primers. The resulting libraries represent molecules that have both whole genome coverage but also
enriched regions of interest. The eWGS conditioning reagent is used to determine the ratio of WGS to
capture coverage, and the sequencing of the libraries can be scaled to achieve the desired depth.

We have tested our system across a range of panel sizes and relative coverage depths. We show that we can
predict coverage for panel sizes of approx. 840 kb, 2 Mb and 39 Mb over a range of 10X-5000X enriched
coverage (normalized to 1X WGS coverage). We have also tested multiplexing up to 12 libraries that were
pooled after conditioning and prior to the capture protocol and see no negative impact to coverage when
compared to a single-plex capture. The ability for high multiplexing and tunability of coverage across panel
sizes suggests a robust system that can be expanded for multiple applications in the future.
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We present proof-of-concept data demonstrating the function of a new class of DNA sequencing
technology built on a plasmonic nanoantenna platform. The plasmonic nanoantenna achieves over 1000-
fold enhancement of signal to noise ratio emitted from individual nucleotides during polymerase-driven
incorporation events, enabling single-molecule sequencing in high background fluorescence. Leveraging a
patented method for the large-scale chemical synthesis of billions of plasmonic nanoantenna structures with
an extremely low cost of materials (<$1).

These data establish the foundation for our next stage of development where we aim to demonstrate the
potential for accurate (Q30), single molecule, single-pass, real time sequencing for the first time. Without
the need for consensus sequencing or complicated data processing, our platform can be agnostic to
read length, drastically reduce workflow complexity and process both short and long fragments (>10kb)
simultaneously in a single run, while lowering cost per genome and without compromise to throughput,
which may exceed commercial systems.

SWAN'’s technology has the potential to revolutionize the future of genomics. Enabling comprehensive
solutions, such as long-read whole genome sequencing, clinical diagnostics, and personalized medicine, at a
fraction of the current cost. This affordable approach accelerates the advancement of personalized medicine
and genomics, making them more accessible. It enables population-scale studies that can identify strong
disease correlations, support early interventions, improve clinical outcomes, and significantly reduce global
healthcare costs.
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Adventitious virus detection is a regulatory requirement for clinical CHO manufacturing, ensuring product
safety and compliance with global standards. Traditional methods for virus testing are slow, limited in scope,
and often rely on animal testing. In contrast, next-generation sequencing (NGS) offers faster, more sensitive
detection without animal use, streamlining batch release and improving safety assurance. However, assay
development for adventitious virus detection via NGS faces challenges, including viral genomic diversity, the
overwhelming presence of host-derived sequences and requires a strong data analysis pipeline. Optimizing
wet-lab and bioinformatics workflows is essential for reliable sensitivity.

This presentation outlines an efficient workflow for virus detection, evaluating sample treatments, library
preparation methods, and bioinformatics tools to ensure a streamlined and sensitive approach.
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Structural variants (SVs) are a diverse class of genomic alterations and are critical contributors to genetic
diversity and disease, including Parkinson’'s disease (PD). Their characterization remains challenging with
conventional short-read sequencing, which struggles to accurately span larger SVs and resolve variants in
highly repetitive genomic regions, often missing a large fraction of an individual's SVs. Compounding this,
the unique algorithmic designs of various variant callers mean no single tool is perfect, leading to distinct
advantages and an incomplete picture if only one caller is used. Our study addresses these challenges

by employing high-fidelity (HiFi) long-read whole genome sequencing from the PacBio Revio platform.
To maximize the sensitivity of SV calling, a multi-stage ensemble strategy was established utilizing three
distinct algorithms—Cue2, PBSV, and Sniffles2. SVs identified by each caller were harmonized, filtered by
quality and read support, and comprehensively annotated with functional information, such as population
allele frequency and overlapping regulatory elements, by querying public databases. Of 40,117 SVs we
identified, 61.6% had similar variants in the Human Pangenome Reference Consortium database.

We applied this method to our Parkinson Cell Atlas in 5D cohort of 100 individuals. Focusing on regions
surrounding recently identified, causally associated “eGenes” of PD, we identified 321 high-confidence

SVs within a 100 kb window of these eGenes. Functional annotation as described above will be presented.
Integrating these findings with single-nucleus RNA sequencing (snRNA-seq) data from the same individuals,
cell type-specific expression quantitative trait loci (SV-eQTL) and allele-specific expression (ASE) analyses
identified 86 and 31 SVs, respectively, with significant, often highly cell type-specific, regulatory effects

on gene expression relevant to PD, notably at the chromosome 17921.31 locus. These results highlight SVs

as a potent and under-recognized source of cis-regulatory variation in the human brain, influencing gene
expression in a cell-type-specific manner, and can help prioritize SV-gene associations for future therapeutic
investigation in PD and other diseases.
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RNA sequencing (RNA-seq) enables transcriptomic profiling in pediatric disease by detecting gene fusions
and expression alterations that provide complementary insights to DNA analyses. The Institute for Genomic
Medicine’s clinical laboratory currently utilizes the Archer FusionPlex assays for targeted fusion detection,
but these assays are limited to a subset of known disease-causing fusions in particular cancers. To expand
diagnostic capabilities, we chose to compare bulk and cDNA capture RNA-seq methods to provide a
broader view of the human transcriptome.

We compared bulk RNA-seq and cDNA capture workflows prepared with the Watchmaker RNA Library
Prep Kit, coupling the latter with the IDT xGen Exome v2 panel for cDNA capture enrichment. Commercial
reference RNA containing known fusions from both high-quality and FFPE sources was used to evaluate
performance. Multiple parameters, including hybridization time, hybridization “plexity”, rRNA depletion, and
capture kit version, were systematically varied to evaluate their impact on data quality and fusion detection.
Performance was assessed using key RNA-seq metrics such as duplication rate, library complexity, and
fusion sensitivity to identify an optimized, clinically applicable workflow.

The cDNA capture RNA-seq protocol with 2-hour hybridization using the IDT Hyb and Wash v3 kit
demonstrated several advantages over bulk RNA-seq, including reduced RNA input requirements, improved
sequencing metrics and enhanced sensitivity for fusion detection. For example, an input of 250ng FFPE
into bulk RNA-seq generated 51 million protein coding reads and 14 of 16 expected fusions, while 100ng of
the same FFPE sample for cDNA capture generated 82 million protein coding reads and 16 of 16 expected
fusions at a lower total sequencing read depth. These findings support the robustness and clinical utility of
the cDNA capture workflow.

Adoption of a cDNA capture RNA-seq protocol enables broader fusion detection in a clinical setting. Clinical
adoption of this protocol will complement existing targeted assays and improve clinical decision-making.
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CpG methylation serves as a key regulator of cell identity by shaping gene expression programs that define
cell form, fate, and function. Additionally, understanding the dysregulation of this epigenetic modification
offers a powerful readout for detecting and prognosticating the course of tumor progression. Combining
methylation detection with enrichment technologies such as hybrid capture can increase the sensitivity

for detecting cell-type specific DNA fragments in clinically relevant samples like cfDNA. However, existing
5mC detection methods rely on a negative readout - converting unmethylated cytosines to thymine - which
requires deeper sequencing and custom hybrid capture panels. This conversion affects roughly 20% of
nucleotides, reducing the sequence complexity of the human genome to a three-base code and diminishing
the richness of downstream analysis.

Watchmaker Genomics' TAPS+ overcomes these limitations by directly converting 5mC to T. This positive
readout chemistry preserves native DNA complexity, allowing the use of standard sequencing adapters,
standard hybrid capture panels, and fractionation of methylated DNA library fragments using methyl binding
proteins. Additionally, because of the direct conversion, only 1-2% of cytosines in the human genome are
converted, resulting in the retention of other valuable genomic information such as SNVs and CNVs.

Here, we demonstrate the unique application of TAPS+ in combination with an engineered methyl-binding
protein and hybrid capture to detect DNA fragments associated with a specific cell type in a background of
cfDNA. By fractionating the DNA prior to TAPS+ treatment, cell-type specific and stably hypomethylated
loci are separated from ubiquitously hypermethylated regions. Importantly, both fractions contained
valuable genomic and methylation information. Following TAPS+ treatment and amplification, hybrid
capture further enriched cell-type specific and clinically informative fragments. TAPS+ then provides per-
fragment methylation haplotypes, enabling methylation haplotype load (MHL)-based cell-of-origin calls
that disambiguate signals where coverage enrichment alone is insufficient. Additionally, genomic variant
information was preserved in the captured loci. Ultimately, TAPS+ paired with methyl-fragment fractionation
and hybrid capture provides a sensitive and multimodal tool for detecting cell-type specific DNA
methylation while retaining genomic information in clinically relevant cfDNA.
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Accurate reconstruction of long-range genomic information remains a challenge in pediatric research where
structural variants (SV), repeat expansions, and haplotype phasing often underlie disease but are difficult to
resolve with conventional short-read sequencing. To address these limitations, we evaluated long-molecule
workflows, including short-read based informatic reconstruction (lllumina Constellation mapped read
technology), long-read sequencing (PacBio HiFi), and optical genome mapping (Bionano OGM), across
eight samples (six patient-derived and two controls). All samples underwent Constellation, however, HiFi and
OGM were applied to select samples, based on material availability, enabling cross-platform comparisons of
molecule lengths and SV resolution.

For Constellation technology, DNA extraction method influenced long-template reconstruction. Ultra-high
molecular weight (UHMW) samples reconstructed substantially more long templates (75% >10kb; 62%
>20kb; up to 33% >60kb) than column-based preps (<32% >20kb). Phasing performance followed a similar
trend, with uUHMW samples achieving ~99% phased SNVs and >94% gene-level phase block coverage,
compared to gene-level coverage as low as 56% in column-based preps.

PacBio HiFi enables direct sequencing of native long molecules, offering an empirical view of molecule
length distributions. However, the need for multiple polymerase passes to generate consensus reads can
limit recovery of ultra-long molecules. In one uUHMW sample, Constellation technology reconstructed more
templates >20kb than PacBio (66.9% vs. 36%) and uniquely recovered templates >60kb (19.8%), reflecting
the influence of input quality and informatic reconstruction. Beyond sequencing, Bionano OGM provides a
complementary genome-wide view of large SVs but lacks single-base resolution, limiting precise breakpoint
detection. In one uUHMW sample, a balanced 3;12 translocation and an unbalanced 17;22 translocation
identified by OGM were confirmed in Constellation colocalization plots, with defined breakpoint coordinates
supported by VCF outputs.

Our analysis provides a real-world view of pediatric samples processed with Constellation technology,
capturing performance metrics across diverse sample types and extraction methods. These findings
reinforce that uUHMW DNA delivers further improved long-template reconstruction and phasing over
standard DNA extraction. Cross-platform evaluation highlights distinct yet complementary strengths of
Constellation, PacBio HiFi, and Bionano OGM, each offering trade-offs in resolution, molecule length, input
requirements, and variant detection, underscoring the value of multi-platform strategies for comprehensive
genomic characterization in pediatric research.
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The epigenome plays a key role in gene regulation in mammals and often becomes dysregulated in disease.
However, it is still not fully understood how epigenetic patterns are regulated - especially how methylation
is lost at specific loci. Most studies of methylation in mammalian samples have focused on 5-methylcytosine
(5mCQC) - 5-hydroxymethylcytosine (5hmC) is less characterized due to its low prevalence in samples and
difficulty in measurement. But 5hmC is a key intermediate in demethylation because it is not recognized by
DNA methylation maintenance enzymes (e.g., DNMT1).

Despite the development of methods for profiling 5hmC, control samples with appreciable levels remain
scarce. We reasoned that biological tissues from well-characterized inbred mouse models offer the closest
approximation to a “Genome in a Bottle,” with realistic levels of 5hmC, which is rarely observed in actively
dividing cultured cells. We used short- and long-read sequencing methods to generate a high-coverage
(~100X) dataset across four mouse tissues: cortex, cerebellum, liver, and heart.

Our analysis revealed strong concordance between short-read enzymatic methylation data and long-

read basecalling results. We defined three classes of differentially methylated regions between tissues:

(D differentially modified regions (DMRs), reflecting total cytosine modification and serving as a

proxy for conventional bisulfite-based methylation; (2) differentially methylated regions (5mC-DMRs),
specific to 5-methylcytosine; and (3) differentially hydroxymethylated regions (DhMRs), specific to
5-hydroxymethylcytosine. Genome-wide comparison of these sets revealed approximately 75% of DhMRs
were undetectable when considering total cytosine modification alone. For example, we observed differential
gene-body 5hmC in brain at AdamZ22, a synaptic receptor critical for neuronal communication, and at Apob
in liver, a central mediator of lipoprotein assembly and transport. This suggests a connection between active
regulation/transcription and hydroxymethylation. The long reads also enable alignment in repetitive genetic
elements and phasing of reads to detect allele-specific methylation and hydroxymethylation across tissues.

Our study underscores the importance of 5hmC in different tissues for gene regulation and epigenetic
control, while also providing a benchmark resource for future method development and standardization in
the field of hydroxymethylation. Our work significantly advances our understanding of 5hmC in mammalian
tissues and will facilitate future epigenetic research.
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We present a pilot study exploring the utility of constellation mapped read technology—a novel framework
for integrating high-resolution, phased genomic assemblies across multiple individuals in a disease context.
This approach aims to enhance variant interpretation, structural variant resolution, and haplotype-aware
diagnostics. Our first experiment utilized the Genome in a Bottle (GIAB) HGOO2 reference trio, a complex
spinal muscular atrophy (SMA) family and patients with MUC1-associated kidney disease caused by a
cytosine insertion in the variable number of tandem repeats (VNTR) region.

We generated phased diploid genomes for each individual. HGOO2 served as a benchmark for assembly
accuracy and variant calling fidelity, enabling calibration of our analytical workflows. The SMA-trio analysis
revealed compound heterozygous variants and complex rearrangements in the SMN1/SMN2 locus,
demonstrating the power of constellation genomes in resolving paralogous regions and inheritance patterns.
For the MUCI patients, we identified pathogenic frameshift mutations within the VNTR region of exon 2, a
notoriously difficult-to-sequence locus, confirming the advantage of complete assemblies over traditional
short-read approaches.

Overall, this pilot study shows that constellation genomes could play a bigger role in clinical genetic testing.
By providing more complete and accurate genetic information, this technology could improve genetic
testing and diagnosis for a range of conditions. Our next steps will explore how this method could be used in
non-invasive prenatal diagnostics (NIPD) and whole genome sequencing in a clinical setting.
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Background:

Bulk DNA methylation profiling is a cornerstone of tumor classification and prognostication, particularly in
brain tumors such as medulloblastoma. However, conventional approaches average across heterogeneous
regions, obscuring the epigenetic diversity that drives tumor progression, therapy resistance, and clinical
outcome. Spatial approaches are needed to directly link epigenetic modifications with histological and
microenvironmental context.

Innovation:

We developed Spatial ATAC-TAPS+, a dual modality assay to simultaneously maps chromatin accessibility
and DNA methylation in intact tissue at near single-nucleus resolution. The platform integrates spatial
ATAC-seq (AtlasXomics) (>10,000 fragments per spot, FRiP >0.3) with TAPS+ chemistry (Watchmaker
Genomics) to enable integrated profiling of open chromatin and cytosine modification states. Unlike
bisulfite-based methods, TAPS preserves DNA integrity and identifies both 5-methylcytosine (5mC)

and 5-hydroxymethylcytosine (5hmC) signals, enabling direct analysis of active, repressed, and poised
regulatory states.

Results:

Combined accessibility and methylation signals are co-registered with tumor morphology, while

also identifying unique spatial niches. TAPS-derived 5mC and 5hmC profiles demonstrated high
concordance with bulk assays from the same tissue blocks, validating the accuracy of in situ detection. In
medulloblastoma, integrated analysis revealed >70,000 differentially methylated and accessible loci across
subclones, including poised and bivalent regulatory regions whose activity can only be interpreted by
combining accessibility and methylation. In gliomas, spatial ATAC-TAPS+ generated the first methylation-
accessibility atlases distinguishing IDH-mutant and wildtype tumors, showing >90% concordance with
HM450 classifiers while resolving spatially restricted resistant niches.

Impact:

Spatial ATAC-TAPS+ is a first-in-class technology delivering co-registered accessibility and methylation
maps within a single tissue section. By resolving 5mC/5hmC states in open chromatin, it links epigenetic
modifications to functional gene regulation, providing unprecedented insight into tumor heterogeneity,
clonal evolution, and therapy response. Spatial ATAC-TAPS+ establishes a foundation for next-generation
spatial epigenomics and biomarker discovery across diverse tissue types.
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Disruption of 3D genome organization can profoundly affect gene expression, contributing to disease and
cancer development. Mechanisms such as oncogene amplification, deletion or chromatin domain misfolding
are known drivers of gene expression changes in cancer. However, conventional methods like whole genome
sequencing (WGS), RNA-seq, and Hi-C typically infer these changes at the bulk level, obscuring cell-to-cell
heterogeneity.

To unravel the complex mechanisms underlying cancer, approaches with single-cell and spatial resolution are
essential. Here, we leverage the PaintScape™ platform to visualize 3D genome architecture across multiple
length scales, in situ, within single cells. We then correlate changes in genome structure to gene expression
and phenotype using the CosMx® Spatial Molecular Imager (SMI)’s multiomic capabilities to generate a
comprehensive multi-modal dataset.

Using the PaintScape system and CosMx SMI, we characterize differences in genome structure, gene
expression and phenotype at subcellular resolution between normal (MCF10a) and cancerous (MCF7) breast
cell lines. The PaintScape system enables high-resolution visualization of gene region environments involved
in cancer-related pathways, including cell cycle regulation, apoptosis, transcriptional control, and chromatin
remodeling. We observed cell type variations in chromosome territories, large scale structural chromosome
aberrations such as translocations and ecDNA, locus copy number, and topologically associating domain
(TAD) boundaries. CosMx multiomic imaging reveals distinct transcriptome-wide signatures across cell
types/states, and subcellular localization of key markers. In addition, we expose both cell lines to Estradiol,
an Estrogen receptor (ER) agonist, with subsequent upregulation of transcription of MYC, CCND1, and E2F1
in ER+ MCF7 cells. We contrast this with ER- MCF10a cells and use both platforms to compare changes in
genome structure with associated changes in transcription programs upon ER activation. After exposure to
Estradiol, PaintScape analysis revealed spatial clustering of Distant Estrogen Response Elements (DERESs)
around Chr17g and Chr20qg with CosMx SMI quantifying local gene transcription activities, highlighting the
complementary strengths of the platforms.

The single-cell capabilities of the PaintScape system and CosMx SMI reveal populations of cells with distinct
genome organization, transcriptional profile and proteomic features. This integrated multi-modal approach

interrogating DNA, RNA and protein in spatial context, offers a powerful framework for understanding how

cellular heterogeneity shapes cancer progression.
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Cats and dogs have been our companions for millennia. While extensive genetic research has focused on
dogs, cats remain comparatively understudied. To address this gap, Darwin's Ark, a community science
nonprofit catalyzing groundbreaking research by engaging pets and their people in scientific discovery,
launched Darwin's Cats in 2025, with the long-term goal of generating and analyzing data from 100,000
cats. Ultimately, by empowering pet owners to actively participate in scientific research, Darwin’s Cats
aspires to expand our understanding of feline and human health.

Achieving these goals requires very large scale collection of DNA samples coupled with detailed information
on physical traits, behavior and health. Online surveys to collect phenotypic data are remarkably effective,
with over 18,000 cats enrolled and over 1 million survey responses. However, to collect DNA samples, we
needed to develop a non-invasive method appropriate for cats, who are notably less cooperative than dogs
when using traditional DNA collection methods such as saliva swabs or blood.

To address this challenge, we have developed a novel workflow, Fur-seq, which delivers DNA sequencing
libraries sufficient for whole-genome sequencing from small samples of cat fur with an exceptionally low fail
rate. In the first 200 fur samples sent by owners, 199 yielded sufficient DNA. Comparison with blood-derived
DNA shows it delivers good representation and is effective for genome-wide variant calling. With nearly
1,000 fur samples collected to date, we have implemented an automated, scalable version of Fur-seq that
minimizes sample handling through robotic processing.

Given Fur-seq’s robust performance in cats, we are exploring its broader application for genetic analysis of
archival samples and in other species. This approach could enable genomic studies using fur from deceased
pets, often saved by owners, and could be particularly valuable in biodiversity conservation. Blood or saliva
collection is often impractical in wild populations and fecal samples yield little host DNA. We have confirmed
Fur-seqg’s success on samples stored for up to 6 years and are now testing it across diverse mammalian
species in collaboration with our partner Zoo New England.
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Very recently, long-read sequencing (LRS) is gaining use to elucidate isoforms and other long-read
information from fresh frozen tissue; however, short-read sequencing of spatial libraries is still the norm.
Although both types of sequencing can provide unique and potentially beneficial information, using
combinatorial sequencing approaches is not often performed due to limited input material from a small
number of sections.

To investigate the potential for combining both long- and short- read information from spatial
transcriptomics analysis, we tested a series of samples using a novel click-chemistry-based method to
construct an EXPO molecular archive from spatial cDNA from lung tissue samples. This novel method
preserves long-read molecules in a template that can be used for multiple generations of non-destructive
downstream sequencing and molecular assays, including short-read sequencing (SRS), long-read
sequencing (LRS), hybrid capture, targeted panel, or single gene amplification.

Using the Element AVITI System for SRS and Oxford Nanopore for LRS, we show that an EXPO molecular
archive can be prepared from pre-existing cDNA from commercially available spatial transcriptomics
methods. Spatial applications which produce full length cDNA can be archived to preserve long molecules
for LRS, while also allowing SRS to occur from the same template using standard fragmentation library
methodologies.

After comparing the sequencing data outputs of both technologies, we show that the EXPO molecular
archive can be assayed repeatedly and reliably. While Nanopore LRS preserves the full-length cDNA for
isoform detection, the Element AVITI platform was an expedient and cost-effective way to sequence cell-
type classification, as well as targeted genes and panels.

In conclusion, we show that we were able to sequentially interrogate full spatial transcriptomes, cell-types,
isoforms, targeted panels, and specific genes of interest in a series of consecutive analyses originating from
a single sample using the EXPO molecular archive technology. Further studies are underway to investigate a
broader set of tissue types and disease pathologies, as well as how to incorporate this new technology and
ultra-deep tissue characterization into our service offering.
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The analysis of spatially resolved proteomic data is critical for linking protein localization to cellular function
and disease mechanism, yet current iterative multiplexed imaging platforms are often cost-prohibitive

and lack scalable analytical tools for complex high content datasets. We developed ReGenSeq, an open-
source high-content imaging ecosystem, by repurposing decommissioned Illumina sequencers to make
high-content imaging accessible to any research laboratories. For a proof-of-concept, we automated
ImMmunoSABER, a multiplexed immunofluorescence assay utilizing DNA conjugated antibody to study the
progression of amyotrophic lateral sclerosis (ALS) in a SOD1-G93A transgenic mouse model. An antibody
panel targeting 29 early ALS biomarkers and relevant spinal cord cell types was developed to characterize
nearly 100 spinal cord sections from transgenic and wild type animals across 3 time points. To process all
the images we developed a Snakemake pipeline which segments single cells, and measures interpretable
features such as antibody intensity, antibody texture, and cellular morphology. Interpretable features can
also optionally be augmented with embeddings of cells from a vision transformer. With a combined set

of over 10,000 features, we discovered spatial microenvironments using a single-cell embedded latent
Dirichlet allocation (sceLDA) model that combines the feature scalability of deep generative models with
the interpretability of topic modeling. The sceLDA model efficiently categorizes cells and assigns them

into anatomical regions to determine the underlying cell type mixtures associated with disease states.
Using scelLDA we discovered pre-symptomatic ALS cellular interaction niches characterized by molecular
and morphological features. High-content imaging assays like ImmunoSABER are easily adaptable to the
ReGenSeq ecosystem, which offers a complete solution for assay automation, image processing, and spatial
microenvironment discovery.
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Quality control (QC) remains a fundamental component of complex DNA sequencing workflows, ensuring
the integrity of nucleic acid samples prior to downstream analysis and validating intermediate constructs
during library construction. Despite its importance, current QC technologies have not kept pace with

the rapid evolution of sequencing platforms and applications, presenting a barrier to broader clinical
implementation.

In this study, we report findings from an extensive benchmarking evaluation of a novel biomolecular imaging
and analysis system, PRECYSE, designed for rapid sizing and visualization of DNA fragments ranging from
100 to over 250,000 bp. Conducted across six prominent genomics core facilities in the United States, the
study assessed over 200 DNA and RNA samples representing a broad spectrum of sample types and quality.
These included short- and long-read sequencing libraries, gDNA derived from blood, saliva, and FFPE tissue,
ultra-high molecular weight DNA for Oxford Nanopore sequencing, size-selected cfDNA, enzyme-bound
libraries, and sheared genomic DNA.

For short-read libraries, PRECYSE achieved sizing accuracy on par with traditional automated
electrophoresis-based instruments, while offering a significantly faster workflow from sample loading to
data output in under 10 minutes, compared to 20+ minutes. The platform also enabled detection of sample
impurities undetectable using conventional methods. For long DNA fragments (>10 kb), including genomic
and sheared DNA and long-read libraries, PRECYSE outperformed electrophoresis QC, delivering improved
speed (<10 minutes per sample vs. 30+ minutes) and enhanced accuracy (absolute error <15% versus

>15%). Notably, electrophoresis systems were found to consistently overestimate larger fragment sizing, as
confirmed by downstream sequencing read lengths, and significantly underrepresent smaller DNA fragment
populations.

The platform facilitated direct observation of polymerase and helicase binding to DNA in fully prepared
libraries, distinguishing between ligated constructs with and without enzyme treatment. RNA integrity
assessments further validated the system’s capabilities, showing degradation-related reductions in 18S and
28S rRNA with performance comparable to electrophoresis. Challenging DNA samples such as FFPE-derived
DNA were clearly visualized and sized. Across all sample types, PRECYSE revealed previously undetected
contaminants and structural variants in nucleic acids that had passed standard electrophoresis QC,
highlighting its potential to improve overall sequencing workflow reliability.
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The non-invasive analysis of cell-free DNA (cfDNA) from blood has emerged as a powerful tool with

broad applications in oncology, organ health, and women’s health. Advances in targeted next-generation
sequencing (NGS) have enabled the simultaneous detection of multiple cfDNA biomarkers, supporting high-
performance assays across diverse indications. Despite this progress, significant challenges remain, such as
detecting fetal cfDNA mutations when they exist within a heterozygous maternal background of the same
variant. The core difficulty lies in distinguishing the fetal mutational signal from the inherent variability of a
nominal 50% maternal allelic contribution.

Linked Target Capture (LTC) is a novel targeted sequencing technology that addresses these challenges.
By covalently linking PCR primers to custom capture probes, LTC enriches full cfDNA fragments through
amplification of targeted molecules and priming from library adapter sequences. This workflow can be
completed within a single day, requires minimal hands-on time, and achieves high sensitivity and specificity
due to its linked probe-primer capture strategy. Importantly, LTC preserves the native fragment start/stop
positions and consistently delivers high on-target rates and uniform coverage, independent of panel size.

Here, we demonstrate the potential of using LTC to detect fetal cfDNA mutations associated with cystic
fibrosis (CF) in a heterozygous parental background. Using titrations of fetal and parental cell line mixtures
harboring known CF mutations (both SNVs and indels) to simulate cfDNA, we show that LTC can distinguish
fetal mutations from a heterozygous background at low fetal fractions, levels commonly observed in early
pregnancy. Furthermore, we demonstrate the ability to detect fetal mutations against a homozygous wild-
type background.
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Somatic mosaicism is a fundamental driver of aging and disease. Defining the functional consequences of
these somatic mutations is essential for understanding how clonal evolution shapes cellular behaviour and
disease risk. However, existing single-cell sequencing approaches that link genotype to phenotype remain
limited by low throughput and poor genotyping efficiency.

We developed a ligation-free, capsule-based combinatorial indexing platform that enables simultaneous
scRNA-seq and genotyping across >100,000 single cells with unprecedented high genotyping efficiency. Our
high-throughput approach uniquely enables detection and transcriptional characterization of rare mutant
cells with excellent scRNA data quality.

Benchmarking against leading single-cell sequencing platforms, our method demonstrated enhanced
performance across key metrics, including genotyping precision, molecular efficiency, and RNA data quality,
setting a new standard for integrated single-cell multi-omics.

By combining throughput, precision, and molecular completeness, out technology provides an enhanced
framework for mapping genotype to phenotype in somatic mosaicism, enabling systematic discovery of how
rare mutations shape cellular function in aging and disease.
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Wastewater sequencing is an efficient and cost-effective approach for the early detection of established
and emergent pathogens. Population-level pathogen surveillance can be achieved through agnostic or
targeted sequencing of wastewater samples. Agnostic pathogen detection via metagenomic sequencing
supports surveillance for unknown and novel pathogens. Targeted sequencing permits the monitoring of
whole genomes or key genomic regions to track variants for a pathogen of interest. However, wastewater
is a challenging substrate that requires optimized enrichment, extraction, and sequencing protocols. Here
we present effective and streamlined sample-to-results workflows for agnostic or targeted pathogen
sequencing from wastewater.

We employed Nanotrap® Microbiome Particles to concentrate intact viruses and bacteria from contrived
wastewater samples in a semi-automated, high-throughput method. Nucleic acids were then isolated using
the magnetic bead-based Monarch® Mag Viral DNA/RNA Extraction Kit. From these total nucleic acid
extracts, we ran agnostic or targeted pathogen sequencing.

When applying the agnostic sequencing approach, we detected expected control pathogens and organic
population compositions consistent with wastewater substrates. For the targeted pathogen sequencing
workflows, we focused on influenza A (Flu A) and respiratory syncytial virus (RSV). The targeted sequencing
of viral pathogens like Flu A and RSV from wastewater is technically challenging due to low viral titers,
fragmented RNA, and high background from environmental and host nucleic acids. However, sequencing
data following these robust workflows showed high genome coverage and accurate strain identification.
Thus, these workflows provide scientists and public health labs with streamlined and cost-effective solutions
for monitoring pathogens from population-level wastewater sources.

2026 AGBT General Meeting 166



. o o o Technology &
Evaluation, optimization, and Application

Development

implementation of Ultima for sequencing of
a large human disease sample cohort

POSTER

Michael Quail', Sarah Field', Carl Anderson?, Laura Fachal? Ruth Eberhardt?

1. Wellcome Sanger Institute, Sequencing Operations, Hinxton, Cambridgeshire, United
Kingdom
2. Wellcome Sanger Institute, Human Genetics Programme, Hinxton, Cambridgeshire, United Kingdom

We have carried out an extensive evaluation of the Ultima UG100 sequencing system to benchmark its
performance for a range of sequencing applications. We demonstrate equivalent performance to currently
used alternative short read platforms with SNP and indel precision and recall for analysis of variants in
Human whole genome data and concordant data within single cell studies for cell type classification,
quantitation of differential gene expression as well as transcript and gene numbers per cell. Having
confidence in the data we have embarked on the sequencing of a 10,000 human IBD cohort. We have
modified our existing short read automated library prep pipeline to accommodate the requirements of this
platform where we make PCR-free libraries from 500ng input in 96 well plates using our suite of automated
liquid handlers. To obtain maximal utilisation of sequencing capacity we make an equivolume pool of each
batch of 96 libraries and after sequencing an initial wafer we review the coverage obtained for each sample
then make a rebalanced pool that is calculated to generate equal coverage per sample when run over a
further two wafers. This has generated ~9Tb over 3 wafers for 96 samples with a CV of <5% and mean per
sample coverage of 28x.
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FFPE (formalin-fixed paraffin-embedded) samples are widely used in clinical settings because they preserve
tissue morphology and allow long-term storage. However, formalin fixation can degrade nucleic acids,
necessitating large amounts of input material, making efficient use of tissue essential for downstream
molecular analyses. As multi-omic approaches become standard practice, extracting both RNA and DNA
from the same tissue section, or very few sections, would reduce variability caused by tumor heterogeneity
and enhance the reliability of integrative analyses. We developed and tested a rapid, spin-free protocol for
Simultaneous Nucleic Acid Recovery from Embedded tissue (SNARE) by adapting an existing commercially
available DNA extraction kit from Roche-KAPA Express Extract. This protocol uses limited proteolysis to
release cytoplasmic ribonucleic acid (RNA) from the tissue, followed by bead capture and lysis of nuclei to
release deoxy ribonucleic acid (DNA). We compared DNA and RNA sequence libraries prepared post SNARE
extraction to that after using the gold-standard, the AllPrep DNA/RNA kit from Qiagen. Libraries prepared
post SNARE showed equivalent performance across all evaluated metrics. We compared library complexity,
coverage across GC content bins, and GC bias of libraries constructed from nucleic acids extracted using
SNARE and show strong concordance with the Qiagen kit. From a logistical standpoint, SNARE helps
streamline laboratory workflows, reduces the number of reagents, processing steps, and time required,
which in turn lowers costs. It could be particularly valuable in retrospective studies and clinical trials where
archived samples are limited.
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As the cost of sequencing continues to decline, whole genome sequencing (WGS) is increasingly being
adopted for comprehensive genomic analysis across a wide range of clinical and research applications. PCR-
free WGS workflows are particularly valued in contexts where accuracy and minimal bias are paramount,
such as rapid newborn screening, genetic testing for inherited disease, and population-scale genomics
studies. In highly time-sensitive applications, minimizing sample-to-sequencer time is essential. Here, we
present a rapid, PCR-free WGS workflow capable of converting extracted DNA into sequencing-ready,
pooled libraries in under three hours. This method preserves high data quality, incorporates tunable and
consistent enzymatic fragmentation, and features a novel, non-destructive library normalization method to
overcome a common challenge in PCR-free workflows: accurate library quantification and pooling.

Performance of this rapid PCR-free workflow was evaluated across a range of genomic and FFPE DNA
input amounts. Consistent fragment sizes were achieved using a single workflow, maximizing efficiency for
PE150 sequencing. The novel normalization technology yielded well-balanced libraries and enabled analysis
of the PCR-free libraries by TapeStation for precise library sizing and instrument loading. Furthermore,

this approach enriched functional, sequencing-compatible library molecules, reducing index hopping and
increasing clusters identified relative to hand-pooled, gPCR-quantified libraries. Coverage uniformity was
maintained even in GC-rich and otherwise challenging promoter regions, supporting high precision and recall
for both SNVs and indels. Compared to amplification-based workflows, PCR-free libraries demonstrated
improved indel fidelity in repetitive regions, resulting in higher F1 scores. With efficient library construction
and streamlined pooling, the workflow further reduced input requirements to under 50 ng, expanding PCR-
free WGS to input-limited sample types.

The rapid PCR-free WGS workflow presented here combines speed, accuracy, and robust library handling
to deliver high-quality, sequencing-ready pooled libraries in under three hours. By addressing common
challenges in PCR-free library quantification and pooling, it maximizes sequencing economy and ensures
reliable variant detection, making it ideal for time-sensitive clinical applications and large-scale genomic
research requiring unbiased, high-fidelity genome coverage.
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Abnormal genomic DNA fragmentation due to dysfunctional DNA repair and

cell-death result in unique circulating tumor DNA profile in the blood. Non-invasive liquid biopsy assays

that evaluate pathogenic mutations harbored in circulating tumor-derived cell-free DNA have emerged as
novel landscape for identification disease-specific diagnostic and prognostic mutational markers in cancer.
However, they require a priori knowledge of the variants of interest and need cost-prohibitively high depth of
sequencing. Alternatively, fragmentomic approaches that profile cfDNA fragment length and/or native end
motifs do not require high depth of sequencing and may be performed agnostically. However, liquid biopsy
approaches are sensitive to a multitude of preanalytical variables such as blood collection tube type, storage
and transport conditions, plasma preparation and DNA extraction method. Here, using specialized NGS
library preparation approaches that retain native ends and capture DNA as low as 20 bp, we demonstrate
the change in fragmentary profile of cfDNA during plasma processing. We developed a specialized

control oligo pool that harbors unique overhangs on 5" and 3° end that enables accurate measurement of
cfDNA native termini loss. We spiked-in this control oligo into various blood collection tubes with/without
specialized reagents to prevent DNA degradation, cell-lysis. We assayed cfDNA integrity by preparing
plasma from the spiked-in whole blood at 0,4,24 hours to mimic typical duration required to process whole
blood in the clinic. We extracted DNA from 3 ml plasma and prepared NGS libraries with Tng of cfDNA.

We observed the formation of multi-nucleosomal cfDNA fragments in tubes that did not prevent cell-lysis
(Citrate tubes and Potassium EDTA tubes), especially by 24 hours. Furthermore, we observed complete loss
of the spike-in control in tubes that did not have any nuclease inhibitors (Citrate tubes). We further observed
that there was higher, progressive loss of the 3" overhangs than 5”7 in the spike-in controls. In comparison,
tubes with both nuclease and cell-lysis inhibitors demonstrate maximum DNA stability with minimized gDNA
contamination. These observations highlight both the importance of sample preparation methods and the
evaluation of sample integrity prior to performing diagnostic tests with liquid biopsies.
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Optical Genome Mapping (OGM) has recently gained popularity for its ability to detect large-scale structural
variants. While OGM as a technology has been widely used and validated for hematological malignancies, its
use in non-tumor brain tissues has not been as widely explored, particularly in epilepsy. There has also been

limited use of brain tissue, in general, as a source material for OGM.

Malformations of cortical development and other developmental lesions are a major cause of pediatric drug-
resistant epilepsies referred for surgical intervention. Somatic variants are a prominent cause of epilepsy-
associated cortical malformations. However, most studies focus on single nucleotide variants (SNVs) or
small indels that are more easily detectable using short-read sequencing technologies. These short-read
technologies often fail to capture large and complex somatic structural variants.

While OGM is a promising tool for the detection of structural variants, it requires high quality, ultra-high
molecular weight DNA which can be challenging to obtain from limited frozen clinical specimens. In our
study, we successfully optimized a protocol to use OGM to detect somatic structural variants in surgically
resected non-tumor brain specimens. We applied this protocol to brain specimens from four patients with
focal epilepsy. Three of the four patients had pathogenic or likely pathogenic germline variants in NPRLS3,
DEPDCS5, or TSCT - all of which are believed to require a second somatic variant to cause disease. All four
patients had previous short-read exome sequencing of brain tissue which resulted in no causal findings.

OGM detected a somatic structural variant in one patient which was a 12 kb deletion within DEPDC5 at
20% variant allele fraction in affected brain tissue; this variant deletes the first several exons of DEPDC5
and is expected to result in loss-of-function. PacBio and Sanger sequencing further confirmed the deletion
and its breakpoints. Taken together, these results verify the somatic second hit in DEPDCS5 identified by
OGM and provide a genetic explanation for the patient’s focal seizures. Building on this success, future
efforts will focus on applying our optimized OGM workflow to additional unsolved epilepsy cases and other
neurodevelopmental disorders to expand its diagnostic utility.
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The recently released PacBio HiFi Plex Prep-96 Kit is designed for cost-effective, automatable, high-
throughput processing of up to 96 samples. It has recommended input amounts of 50-300ng gDNA per
sample and 20-250ng per amplicon and is ideally suited for microbial, metagenomics, targeted or low-
coverage Whole Genome Sequencing (WGS) applications.

Here we present how our HiFi Plex Prep-96 pipeline has been used to generate reference-grade, high

accuracy, closed chromosomes for microbial isolates, including human gut microbial and clinical strains. In a
head-to-head benchmark with hybrid Oxford Nanopore Technologies (ONT)/lllumina sequencing, HiFi Plex
Prep PacBio data gave superior performance across a range of both raw read and assembly quality metrics.

We also describe how the HiFi Plex Prep-96 method has been operationalised as a production pipeline in the
Wellcome Sanger Institute Sequencing Operations Laboratories, with the implementation of an automated
workflow from gDNA extraction to library preparation, including 96-well plate based methods for gDNA
shearing (FastPrep-96 and Hamilton pipette shearing).

The scalable, cost-effective workflow offered by the HiFi Plex Prep-96 kit unlocks new opportunities to
deliver high-accuracy long read PacBio sequencing to a range of sample types that were previously limited
by cost and labour bottlenecks.
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Large-scale population genomics studies are rapidly evolving into multiomic investigations, demanding
scalable, efficient workflows for transcriptomic profiling. Traditional sample multiplexing strategies such
as cell hashing and combinatorial indexing introduce complexity, cost, and potential sample loss. lllumina’s
Integrated Single Cell Prep (ISCP) workflow, combined with DRAGEN™ Genotype Demultiplexing, offers a
streamlined alternative that leverages natural genetic variation and existing genomic databases to enable
high-throughput, pooled single-cell RNA-seq (scRNA-seq) analysis.

ISCP simplifies upstream processing with a single-tube, instrument-free workflow that eliminates the need
for extensive labeling, washing, or secondary enrichment steps. Downstream, NovaSeg™ X delivers high-
throughput sequencing (up to 25B reads per flow cell), supporting million-cell reactions without the need for
multiple flow cells. GT-Demux provides rapid, accurate sample assignment with no additional downstream
processing, automatically generating individual sample outputs.

The expected performance of genotype demultiplexing was benchmarked using a pooled cell line study.
Six distinct human cell lines were combined into a single 100,000 cell reaction using the ISCP T100 kit. This
design allowed ground truth for cell identities and doublets to be established using expression differences
between the cell lines. Leveraging variant calls from matched bulk RNA-seq, genotype demultiplexing
achieved PPVs of greater 99.9% for all cell lines, with a mean no-call rate of less than 3% per cell line. This
demonstrates the precision of genotype-based demultiplexing in controlled, mixed-population settings.

Genotype demultiplexing was performance was also evaluated on a test set of Peripheral Blood Mononuclear
Cells (PBMC) samples from 10 donors. Performance was similar to the benchmark dataset that used a mixed
cell line population, with a mean no-call rate of less than 5% per sample. The false positive rate was less

than 1%, which was estimated by including VCFs for PBMC samples not present in the pool and counting the
number of cells assigned to samples absent from the pool. These results demonstrate that the integration

of million cell kits, sample batching, and genotype-demultiplexing provide an efficient end-to-end solution
for high-throughput single-cell transcriptomics, supporting its application in atlas-scale and population-level
studies.

For Research Use Only. Not for use in diagnostic procedures.
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As the scope of spatially-resolved transcriptomics data continues to grow, spatial approaches become
increasingly appealing not only for the analysis of complex tissue structures but also single-cell samples
including blood/PBMCs and dissociated tissue suspensions. Concurrently, the field is increasingly focusing
on multimodal approaches that allow direct integration of transcriptomics, genomics, proteomics, and other
omics to maximise our understanding of complex biological environments. By leveraging several technology
platforms as well as sequential combinations thereof and bespoke application to varied sample types, we are
building an ecosystem of spatial assays designed to marry together multiple modalities in tissues, cultured
cells, and cell suspensions.

Using a novel protocol for application of 10x Genomics Xenium to PAXgene-fixed paraffin-embedded
(PFPE) tissue, in concert with laser capture microdissection (LCM), we integrate single-cell spatially-resolved
5000-plex RNA imaging with whole exome or targeted nanorate sequencing (NanoSeq) to interrogate

the genotype and transcriptome of cancerous or pre-cancerous clones across diverse human tissues and
disease conditions including thyroid, synovium, adrenocortical carcinoma, and osteosarcoma. Furthermore,
application of the Akoya PhenoCycler-Fusion platform post-Xenium adds 60-plex proteomics thus
facilitating assay of DNA, RNA, and protein in the same cells or clones.

In parallel, by either culturing live cells directly on slides or adhering them post-fixation using STAMP or
simple gravity settling, we are able to apply Xenium to hundreds of thousands or millions of cells on a single
slide, including iPSC-derived microglia, patient T-cells, and glioblastoma stem cells. This facilitates not only
the use of spatial transcriptomics as an efficient read-out following culture or genetic perturbations but also
integration with other imaging assays such as cell type-specific Cell Paint.

Meanwhile, the Element Biosciences AVITI24 platform allows simultaneous assay of 350 RNA targets and
50 proteins, with a gasket architecture specifically designed for live cell culture under multiple experimental
conditions. The newly developed direct in sample sequencing (DISS) assay allows for de novo in situ read-
out of unknown sequences including CRISPR guide RNAs (gRNAS).

Collectively, these advances define a flexible framework for multimodal spatial profiling that delivers a
more comprehensive view than any single assay and thus accelerates both discovery and pre-translational
research.
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Long-read sequencing technologies can often capture complex genomic regions without prior amplification.
However, in applications where sample input is limited, or when targeting specific loci such as disease-
associated repeat expansions, amplification is required to generate sufficient material and recover the full
structure of the region. This is especially important when repeats are long, GC-rich, or structurally unstable,
as incomplete or error-prone amplification can compromise downstream analysis.

To address this challenge, a high-fidelity amplification method was developed to robustly generate long,
GC-rich, and repetitive genomic regions without introducing errors or dropouts. This approach enables the
enrichment of difficult targets before sequencing while preserving their full sequence integrity.

This method was tested on genomic targets containing repeat expansions in C9orf72 (Amyotrophic Lateral
Sclerosis), FXN (Friedreich’s ataxia), FMRT (Fragile X syndrome), and the /775 gene (Huntington’s disease),
as well as large non-repetitive regions in BRCAT (8.4-36.4 kb) and SMNT (28.2 kb). DNA from affected and
unaffected individuals (Coriell Institute) was used to evaluate the performance of the amplification method.

The amplification method successfully recovered long and GC-rich repeats, including a 6.5 kb FMRT allele
with a (CGG)n repeat and 79.26% GC content, and a 5.7 kb C9orf72 allele with a (GGGGCC)n repeat. It also
enabled amplification of large genomic regions up to 36.4 kb (BRCAT). Sequencing with Oxford Nanopore
showed high coverage and full-length spanning reads across expanded alleles, allowing accurate repeat
sizing.

This approach supports reliable recovery of expanded repeats and large genomic fragments in contexts
where amplification is necessary before sequencing. It may facilitate improved characterization of clinically
relevant regions that are difficult to access using standard protocols.
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Long-read sequencing has enabled reading the full length of RNA as a single read. Existing long-read RNA
sequencing methods, such as cDNA-seq utilizing the SMART method, often co-synthesize cDNAs derived
from fragmented RNA, making it difficult to selectively obtain genuine full-length cDNAs (fl-cDNAS).
Although several methods rely on the 5’ cap structure exist to selectively synthesize fl-cDNA, they require
micrograms of RNA or involve highly labor-intensive procedures, limiting general applicability. We previously
developed an improved oligo-capping method that specifically substitutes the cap structure with an RNA
oligo.

In this study, we developed FLeCS-seq (fl-cDNA-selective sequencing) by combining the improved oligo-
capping method and poly(A) tail linker ligation for selective fl-cDNA synthesis, followed by Nanopore
sequencing. FLeCS-seq successfully read full-length RNA sequences up to 20 kb and was applicable to
total RNA input as low as 5 ng. The 5’ and 3’ ends of the reads mapped with high efficiency around known
transcription start and termination sites, respectively, demonstrating highly efficient capture of full-length
RNA sequences. Leveraging this high selectivity, the method was applicable even to degraded RNA.
Furthermore, we applied FLeCS-seq to target sequencing using hybridization capture. We performed gene-
specific, deep fl-cDNA analysis on eight lung cancer cell lines, utilizing a panel targeting 679 cancer-related
genes, demonstrating its capability to detect multiple mutations and gene fusions within a single fl-cDNA
read. FLeCS-seq allows for relatively easy implementation of fl-cDNA analysis and is expected to contribute
to the determination of full-length RNA sequences in various and limited quantity samples.
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Optimization of enzymatic reactions in next-generation sequencing (NGS) library preparation is critical for
maximizing yield and sensitivity, particularly in low-input, single-cell, and spatial transcriptomics workflows.
Small differences in enzyme performance in molecular conversion efficiency can have a large impact on
transcript detection sensitivity and overall assay reproducibility. Traditionally, assay optimization relies on
direct NGS readouts to quantify these effects, but sequencing-based evaluation is costly, time-consuming,
and limits iteration speed during development.

Here, we present an alternative approach using Countable PCR, a quantitative, single-molecule linkage
analysis method that enables rapid and precise measurement of enzymatic efficiency without sequencing.
Countable PCR can count and characterize millions of individual DNA molecules in parallel, allowing fine-
grained quantification of molecular conversion events, in a single PCR reaction.

We demonstrate the use of Countable PCR to evaluate reverse transcriptase (RT) performance across a
panel of commercially available enzymes. This approach provides direct measurement of mMRNA-to-cDNA
conversion efficiency, positional bias along transcripts, and the rate of template switching—key parameters
that govern library complexity and bias. We showed that the mRNA-to-cDNA conversion efficiency differed
from within ~20% to ~6-fold across reverse transcriptases. By studying the linkages of multiple regions along
the transcript in each cDNA molecule, we revealed differences in the processivity and template switching
efficiency across different RTs. By contrast, when the same assessment was performed using gPCR, it was
inconclusive due to confounding factors associated with gPCR, such as amplification bias across multiple
targets.

Beyond reverse transcription, the same framework using Countable PCR can be extended to assess other
enzymatic steps central to NGS library preparation, such as ligation. By eliminating the need for sequencing
during optimization, the use of Countable PCR significantly reduces experimental cost and turnaround time,
eliminating complicated bioinformatics analysis, thereby accelerating NGS assay development cycles.
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DNA methylation is an important biomarker for the diagnosis and prognosis of many diseases and for
assessing the progression of treatment. However, measuring the methylation status of individual DNA
fragments is complex. Most methods are indirect, involving base conversion chemistries which can be
destructive to the sample itself. Because PCR cannot copy the underlying DNA methylation signatures, the
low level of DNA present in many clinical samples poses a significant technical challenge, especially for non-
invasive or small sample biopsies.

Here, we show for the first time the amplification of DNA in which both the underlying 4-base code and
the 5-methyl cytosine base modifications are faithfully copied from the original sample. We achieve this
with mcPCR (which stands for methyl-copying PCR), our proprietary DNA amplification technology
that synchronizes base extension and methylation using novel enzymes designed by Al-driven protein
engineering.

Our mcPCR workflow is compatible with many sample types and amplification formats. The amplification
products can be sequenced on both short- and long-read sequencers, allowing both the direct or indirect
reading of nucleotide variants and methylation marks from the same sample.

In this study, we demonstrate the application of mcPCR to the targeted amplification of specific DNA
fragments from the human genome. In the future, we see mcPCR as a powerful method for the sensitive
and accurate detection of DNA methylation with broad application in research and disease prognosis and
diagnosis.
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Single-cell sequencing has transformed molecular biology but remains largely limited to suspended
cells captured in droplets or hydrogels. These methods cannot readily support adherent cells, colonies,
or dynamic cell-cell interactions, key to understanding tissue organization, immune synapses, and drug
responses.

We present a new single-cell workflow that integrates live-cell imaging and RNA-seq from the same
adherent or interacting cells, bridging functional and molecular biology in one scalable system. The platform
supports both high-density microscope slide-format consumables (8 samples per run) and a 96-well
configuration for perturbation and screening studies, adaptable to a wide range of adherent and co-culture
systems.

Cells are cultured, imaged, and assayed directly within picowell arrays before RNA capture on optically
encoded barcoded beads, enabling direct linkage between image-based phenotypes and transcriptomic
data at single-cell level. The workflow accommodates live-cell assays, cell-painting-style imaging, and co-
culture experiments, including colony growth and T cell-Antigen Presenting Cell interaction models. After
imaging, cells are stabilized and processed for barcode deciphering and RNA sequencing, enabling seamless
integration of functional imaging and transcriptomic profiling.

Across thousands to hundreds of thousands of wells per sample, we observe high occupancy, consistent
recovery of single cells and small multicellular structures, and robust RNA quality (>2,500 genes per cell).
The system enables precise mapping between morphology, interaction dynamics, and molecular state. In
the 96-well format, it supports systematic perturbation designs for high-content single-cell “drug-seq” and
response profiling.

Unlike droplet or hydrogel-based methods, this approach captures spatially organized and adherent biology,
supports real-time functional assays, and integrates seamlessly with existing microscopes and sequencing
workflows. By connecting imaging-rich functional data with transcriptomics in a unified, microscopy-
compatible format, this platform expands what can be analyzed at single-cell resolution, linking molecular
profiles to real cellular behaviors and interactions.
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The adaptive immune response provides precise, robust, and antigen-specific protection in animals.
However, dissection of these responses is difficult due to responses’ high diversity, tissue dependency,

and dynamic transcriptional regulation. Current methods to resolve spatial lymphocyte clonotypes must
compromise between spatial resolution and full-length sequencing of receptor transcripts. To this end,

we developed a targeted long-read spatial transcriptomic profiling approach to recover full-length B

cell receptor (BCR) sequences and map clonotypes within immune niches. We applied this method in a
mouse model exposed to crystalline silica dust (cSi), which induces lung tertiary lymphoid structures and
autoimmunity. Briefly, we generated 3’-barcoded 10x Genomics Visium cDNA libraries from lung sections

of mice exposed to cSi dust and enriched for full-length Ig transcripts containing BCR sequences using a
custom-designed hybrid capture panel from Twist Biosciences. We constructed and sequenced long-read
sequencing libraries using the Template Prep Kit 3.0 and SPRQ chemistry for the PacBio Revio. Data were
processed and analyzed with PacBio Iso-Seq within the SMRT Link platform, Pigeon tools, and IsoQuant and
compared to data from unenriched Visium short-read cDNA libraries using Space Ranger, Seurat and Bansky.
Our results reveal diverse heavy and light chain variable regions in lungs with mild-to-modest cSi-induced
histopathologic damage, including lymphoid clusters. Among 142 unique productively rearranged heavy
chains, IgA, 1gG2b, and IgG2c isotypes are prominent (76%), indicating local immune activation with isotype
switch. Ilg heavy chain CDR3 length is significantly longer than the mouse population reference, possibly
indicating an autoimmune response. Several IGHV and D1-1 gene segments are used recurrently. In one lung,
a clone defined by use of the same V4-1/D2/J4 gene segments with an identical long 16 a.a. HCDR3 includes
both IgA and IgG2b, suggesting contributions of a single clone to both local mucosal and systemic immunity.
Based on spatial profiling, Ighm, Ighg2b, Igha/J-chain, and Ighg2c gene expression associated with different
clusters, indicating a dynamic immune response and presence of multiple distinct immune niches within
cSi-damaged lung. In sum, these results demonstrate the utility of our method to profile tissue immune
microenvironments in concert with local B cell repertoires elicited by toxicant exposure.
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Formalin-fixed, paraffin-embedded (FFPE) DNA remains a challenging input for next-generation sequencing
due to degradation and fragmentation artifacts. The chemical modifications and crosslinking effects in
FFPE tissues can compromise downstream analyses, making optimization of library preparation strategies
critical for ensuring data quality and consistency, particularly in targeted capture workflows such as Twist
Exome Capture. We evaluated three library preparation approaches to identify the most robust method for
FFPE DNA. Human FFPE DNA samples (n=4) were processed using: (i) NEBNext UltraShear™ FFPE DNA
Library Prep Kit, (ii) Twist Enzymatic Fragmentation (EF 2.0) kit, and (iii) Twist Mechanical Fragmentation
(MPF) kit. All libraries underwent Twist Exome Capture 2.0 target enrichment and sequencing on NovaSeq

X. Key performance metrics included normalized depth of coverage, PCR duplicate rate, and on-target rate.
NEBNext libraries exhibited the highest PCR duplication rates, leading to markedly reduced normalized
coverage compared to Twist EF and MF. Both EF and MF libraries produced approximately 50X higher
normalized coverage than NEBNext. While EF libraries displayed variability in coverage among samples, MF
libraries achieved consistent coverage across all samples. All three methods showed comparable on-target
rates, indicating no major differences in capture specificity. These findings indicate that library preparation
strategy substantially influences capture efficiency, with Twist MF demonstrating the most reproducible
performance. For FFPE DNA sequencing with Twist Exome Capture 2.0, the Twist MF kit outperforms
alternative methods by minimizing PCR duplication and ensuring consistent coverage. Thus, adopting Twist
MF based preparation can improve the reliability of FFPE sequencing studies, especially in translational and
clinical genomics applications where consistency and accuracy are critical.
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The growth and diversification of genomic technologies regularly present new opportunities for advancing
Sanger science. To realise these opportunities, Sanger must rapidly develop and deploy new automated
laboratory workflows utilising our existing automation fleet.

Historically, Sanger used a bespoke approach to lab automation, designing highly optimised pipelines
tailored to specific workflows. Whilst maximising walk-away time, these rigid workflows often did

not maximise instrument utilisation and created significant barriers to adapting processes, limiting
responsiveness to evolving scientific priorities.

To address this challenge, Sanger has adopted a modular automation strategy, breaking workflows into
simple, reusable, process-focused components (e.g. SPRI bead purification, enzymatic reactions, library
normalisation). Common programs are used as shared “nodes” to support multiple genomics pipelines. By
redeploying and reshaping these nodes we can swiftly develop and implement new workflows, ensuring
pipelines keep pace with the fast-evolving genomics landscape at Sanger.

This approach has already demonstrated impact across a diverse range of projects:

¢ PacBio Sequel lle SPK3 workflow modularisation enabled rapid deployment of the Kinnex and HiFi Plex
workflows. Both pipelines were operational within days, a timescale unimaginable with our previous
approach.

e Sanger’s viral bait capture workflow (RVI-seq) was modularised when expanding capacity to another lab,
enabling the repurposing of under-utilised equipment and minimising the need for capital expenditure.

¢ A PCR-free WGS workflow for Ultima UGT100 was spun up quickly using existing program elements to
generate proof-of-principle data for the sequencing of Inflammatory Bowel Disease (IBD) samples. This
workflow now supports the processing of a 10,000 sample IBD cohort.

Although it requires a cultural change in method development and scheduling, modularisation of lab
automation has already started to prove its value by unlocking capacity, accelerating proof-of-principle data
generation, and providing agility to respond to scientific opportunity by enabling rapid adoption of new
assays without wholesale redevelopment.
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Formalin-fixed paraffin-embedded (FFPE) remains a widely used and foundational method for long-
term preservation of biospecimens, serving as one of the largest global archives of patient-derived tumor
material. Decades of FFPE biobanking have yielded valuable archival biobanks from patients, offering
diverse clinical and molecular profiles across various cancer tumor types and populations. Despite their
vitality, FFPE samples carry significant challenges for genomic analysis due to formaldehyde-induced
crosslinking (methylol adducts), DNA fragmentation, and chemical modifications during fixation that
compromise nucleic acid integrity. These limitations have restricted most sequencing applications from
FFPE-derived DNA to short-read whole genome sequencing (srWGS). While short-read sequencing
applications have advanced cancer genomics considerably, they struggle to accurately resolve complex
structural variants, repetitive regions, and epigenetic changes that underlie tumor heterogeneity and
therapeutic response in the cancer genome.

Recent advancements in long-read whole genome sequencing (IrwWGS) technologies now enable
comprehensive detection of structural variants, transcript isoforms, and epigenetic modifications, offering
unprecedented insight into cancer genome architecture. However, these platforms have been largely
inaccessible for FFPE samples due to the difficulty of recovering intact, high-molecular-weight (HMW) DNA.

We have developed an optimized extraction protocol that consistently yields HMW DNA from FFPE tumor
samples, with fragment sizes exceeding 10 kilobases (kB) and quality metrics compatible with I[rWGS library
preparation. We aim to evaluate our workflow across multiple tumor types and archival storage duration

to demonstrate consistent recovery and minimal batch-to-batch variability. Preliminary sequencing data
indicate successful long-read library preparation from FFPE-derived DNA, with read length and coverage
profiles within expected ranges for high-quality performance. Downstream library metrics and sequencing
performance

This advancement represents a critical step toward unlocking the full potential of archival FFPE biobanks
for high-resolution cancer genome analysis. By enabling IrWGS from these materials, our approach

expands opportunities for retrospective genomic discovery, structural variant reannotation, and integrative
epigenomic profiling across clinically annotated cohorts. This method provides a scalable framework for
extending long-read sequencing technologies to legacy cancer biorepositories worldwide, transforming how
preserved specimens can be leveraged for translational and precision oncology research.
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Despite advancements, transcriptomics still faces an inherent challenge; the fragile nature of RNA. RNA is
prone to spontaneous hydrolysis at elevated temperatures in the presence of divalent cations and alkaline
pH. Transcriptomics often measures RNA by proxy through DNA sequencing, where conversion of RNA to
cDNA is carried out by reverse transcriptase (RT), usually at slightly alkaline pH and requiring magnesium
ions. Retroviral-derived RTs used in these reactions employ higher temperatures (42-60°C) in an effort to
unfold RNA secondary structures and compensate for their lack of processivity and helicase activity.

We hypothesized that RT reaction conditions may contribute to chemical hydrolysis, resulting in a race
between cDNA copying versus RNA degradation. As a test, we incubated a 7.6 kb RNA in three different
1X RT reaction buffers at their recommended temperatures and found that 50% of this long RNA degraded
in 30 minutes. With reaction times up to 1.5 hours in RNA-seq workflows, RNA degradation may present a
barrier to complete and accurate transcriptomes, especially for transcripts above 10 kb.

To address this, we performed three different standardized transcriptomic workflows using a non-retroviral
RT, UltraMarathonRT (UMRT), that is highly processive with intrinsic helicase activity and high activity at
30°C. RNA-seq libraries generated by template switching and PCR (similar to SMART-seq workflow) profiled
on a short-read sequencer show improved gene detection, gene body coverage and improved guantification
of long RNAs. These libraries also uncover nearly double the intron retention events. Long read cDNA
libraries sequenced by PacBio SMRT sequencing also show improved synthesis of long cDNAs resulting in
20% longer isoforms.

To more directly test how RT conditions affect RNA quality, we used uMRT for ONT direct RNA-seq where

a cDNA copy is synthesized, but only the RNA strand is sequenced. We find that uMRT provides nearly
double the mapped reads of very long RNAs (210 kb) and increases the maximum transcript sequence to 30
kb. Together, these results from multiple sequencing modalities indicate that the high processivity and low
reaction temperature of uMRT can improve RNA profiling by making long RNA copying more efficient, likely
due to reduced random hydrolysis.
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The genome diagnostics section at UMC Utrecht has recently transitioned from short read whole exome
sequencing (srWES) to short read whole genome sequencing (srWGS) as the method of choice for the
detection of genetic variants in patients with heritable diseases. The broader perspective of WGS improves
the detection of genetic variants linked to these diseases, while reducing the complexity and costs of
handling multiple parallel workflows. We are now exploring long read WGS as the next step toward further
workflow integration, aiming to retain or improve sensitivity for clinically relevant variants. As part of

this exploration, we will sequence up to 1,000 genomes using the Oxford Nanopore Technologies (ONT)
PromethlON 24 platform and library preparation kit. A considerable portion of these samples will be used for
retrospective analysis of DNA’s with known clinically relevant variants, enabling us to assess the sensitivity
and specificity of ONT long read sequencing.

For a project of this scope, and to meet ISO15189 accreditation standards for diagnostics, high-quality input
DNA and a robust, reproducible automated library preparation are essential. We compared DNA isolated
using our routine workflow with high molecular weight (HMW) DNA isolated via the Volta Labs Callisto
system. These samples were then used to prepare sequencing libraries for the ONT PromethlON 24, also
using the Callisto system. We found that combining HMW DNA isolation with automated library prep on the
Callisto system enabled the consistent generation of up to 24 high-quality sequencing libraries per batch.
These libraries produced stable sequencing results with high N50 values (15-20 kb range) over 72-hour runs
on PromethlON flow cells.

This workflow, featuring high-quality HMW DNA and automated library preparation, will form the foundation
of our evaluation of ONT long read sequencing for clinical diagnostics.
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The advent of imaging-based high-plex spatial transcriptomics tools with single-cell resolution has
transformed our understanding of the structure, function, and development of the nervous system. These
technologies provide the ability to visualize gene expression in its native spatial context, enabling deeper
insights into cellular identity, organization, and communication. However, detecting genes expressed at low
levels—especially in samples with compromised RNA quality—remains a challenge for downstream biological
analysis. Transcription factors, in particular, are difficult to profile due to their typically low abundance,
transient expression, and tight regulation across developmental stages.

To address this, the Multiplexed Error-Robust Fluorescence In Situ Hybridization 2.0 (MERFISH 2.0)
chemistry and sample preparation workflow were developed to enhance transcript detection efficiency
for up to 1,000 genes. This technology enables highly sensitive, spatially resolved RNA profiling directly in
tissue, while preserving cellular architecture and gene expression patterns.

In this study, we applied MERFISH 2.0 to comprehensively profile transcription factors during mouse
development. Two panels, each containing 815 genes, were designed to cover the full repertoire of known
mouse transcription factors. Multiple developmental stages of mouse embryos and postnatal brains were
sectioned onto MERSCOPE® Ultra™ slides and analyzed using both panels. The resulting data enabled
detailed spatial and single-cell analyses, demonstrating that MERFISH 2.0 provides robust detection of
transcription factors throughout embryonic and early brain development.

High-resolution, spatially resolved profiling of transcription factors at the single-cell level opens new avenues
for studying neuronal development, function, and disease. This approach will facilitate exploration of
transcriptional dynamics that drive lineage commitment, neurogenesis, and brain regionalization, offering a
powerful tool for investigating gene regulation in complex tissues.
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Pregnancy in mammals is associated with a range of physiological changes in multiple organ systems. In
addition to reproductive organs, adaptations supporting pregnancy occur in the nervous, cardiovascular,
renal, digestive and hematological systems, among others. Disruptions of these critical changes can have
serious impacts on maternal and fetal health and ultimately the viability of the pregnancy.

To provide a comprehensive view of spatially defined gene expression changes in pregnancy, we used
Illumina spatial technology with fresh frozen sections from virgin and late pregnancy (E18.5) mice. This
technology uses a single large (15x50 mm), barcoded capture surface to append spatial addresses to
individual transcripts at a high resolution (lum feature size). The assay is fully compatible with H&E
histological staining and has built in Al-supported cell sesgmentation. We leveraged the large, uninterrupted,
capture areas to mount 4-6 sections from multiple organs known to undergo adaptive changes during
pregnancy and that spans a range of sizes. Spatially barcoded cDNA was sequenced on a NovaSegq™ X
instrument and analyzed using lllumina Connected Multiomics (ICM). We generated 1-2 million single-cell
gene expression profiles per spatial slide and detected ~500-1100 genes per cell depending on tissue type.
Finally, we performed cell typing and differential gene expression analyses for all studied tissues, including
heart, kidney, liver and small intestine.

In livers of pregnant mice, our data revealed gene expression changes consistent with hepatic growth
where hepatocytes exhibited spatially heterogenous adaptations indicative of an altered developmental
state. We were able to identify all key cell types of the intestinal epithelium (ileum) and detect pregnancy
specific gene expression in a subset of enterocytes, consistent with metabolic changes and altered nutrient
uptake. In cardiomyocytes of pregnant mice we found gene expression changes related to contractile
function, extracellular matrix remodeling, protection from oxidative stress and modulation of steroid
receptor signaling. Finally, we were able to detect changes in cell signaling pathways related to metabolism
and cellular growth in the kidney medulla of pregnant mice. In summary, we are able to measure spatially
localized gene expression changes directly related to known physiological adaptations that are critical to a
viable pregnancy.

For Research Use Only. Not for use in diagnostic procedures.
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The cost of sequencing consumables, particularly SMRT Cell microchips, has

limited the scale of studies based on HiFi long-read sequencing, constraining adoption in large population
and disease genomics projects. As a result, many large-scale efforts have been unable to leverage the
comprehensive insight into genome structure and methylation status provided by HiFi sequencing. To
address these cost and scalability constraints, we developed multi-use SMRT Cells and a compatible
sequencing chemistry that improve both efficiency and sustainability. Advances in surface durability, flowcell
design, and a new washing chemistry allow each SMRT Cell to be reused for multiple sequencing runs
while maintaining optical and biochemical integrity. We evaluated this capability across whole-genome and
Kinnex RNA sequencing applications. Base yield (>100 Gb), read length (>15 kb), variant-calling accuracy
(SNV >99.8% F1, indel >98% F1, SV >95% F1 at 20X coverage), and methylation detection (both native

5mC and exogenous 6mA from Fiber-seq) remained consistent across sequential uses. Genome assembly
contiguity (>80 Mb N50) was also stable, confirming uniform data quality across runs. Experiments with
barcoded libraries demonstrated that sample carryover between uses is negligible (<1in 8,000 reads)
following automated wash and reload cycles. Collectively, multi-use SMRT Cells reduce the effective cost of
HiFi sequencing by approximately 30-40% while maintaining the accuracy, completeness, and methylation
fidelity that characterize the technology. This advance broadens access to long-read sequencing, enabling
larger and more comprehensive genomic and multiomic studies.
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Detecting ultra-rare/single-molecule genetic variants has become critical to genome analysis in somatic
mutation assessment, genetic toxicology, and experimentation to define mutagenic mechanisms. Duplex
seguencing enables single-nucleotide variant (SNV) error correction, and our probe-based capture
method, svCapture, enables single-molecule structural variant (SV) detection through tagmentation-based
suppression of ligation artifacts and strand-family correction of chimeric PCR. However, few methods
achieve all goals. We report a deep analysis of the sources, frequencies, and sequence characteristics of SV
artifacts across common short and long-read sequencing platforms, which include chimeric PCR, ligation
and transposon artifacts, mapping errors, and platform-specific crossover reads. We deployed an initial
error correction approach based on “forced restriction enzyme ends” to characterize single-molecule SVs in
mouse brains using targeted nanopore sequencing and ligation-mediated libraries. While successful, residual
artifacts in these experiments prompted derivative library methods that add strict IN to 2N pre-ligation size
selection to achieve High Fidelity sequencing via Restriction Enzyme-mediated Reduced Representation
(HiFiRe3). We describe how HiFiRe3 (i) provides SV call accuracy consistent with single-molecule analysis,
(ii) can be extended to calling both mosaic SVs and SNVs using PacBio sequencing, and (iii) can support
targeted sequencing using Element Trinity capture or Oxford Nanopore adaptive sampling. Together, we
report a comprehensive analysis of the artifacts that impede rare SV detection and describe practical error
suppression and correction approaches that enable both SV and SNV single-molecule detection and that,
with minor modifications, could be adapted to accurate and efficient whole genome sequencing.
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Spatial multi-omics is transforming our understanding of the tumor microenvironment, immune responses,
and disease mechanisms. While spatial transcriptomics has made major advances, a critical gap remains:
the ability to sequence variable transcript regions in-situ at single-cell and sub-cellular resolution. This is
especially important for immune repertoire profiling, where mapping B- and T-cell clonotypes within their
native context provides unique biological insight.

Here, we present Direct-Seq™, a novel in situ sequencing technology built on the G4X™ platform that
enables in situ sequencing of RNA at subcellular resolution. Direct-Seq uses probes designed to target the
variable (V) and joining (J) regions flanking the highly diverse CDR3 domain of IgH and TCRp transcripts,
sequencing both the J region and the CDR3 sequence. The workflow combines in situ reverse transcription,
amplification, and sequencing-by-synthesis chemistry from Singular Genomics. In this work, 5-uym formalin-
fixed paraffin-embedded (FFPE) tonsil and renal cell carcinoma (RCC) sections were transferred to G4X
slides, deparaffinized, and subjected to antigen retrieval. Similarly, 10-um fresh frozen (FF) tonsil sections
were permeabilized and processed using the same Direct-Seq workflow.

In FFPE tonsil sections, up to 9% of B cells were profiled, while in FF tissue approximately 20% of both B
and T cells were detected. Across both tissue samples, extensive CDR3 sequence diversity was observed.
Clonally expanded B cells with highly similar CDR3 sequences were spatially localized within germinal
centers, highlighting the high-resolution clonotyping capabilities of Direct-Seq.

We applied Direct-Seq to an RCC sample to explore immune repertoire organization in the tumor
microenvironment. Across nine serial sections of kidney tissue, we identified clonally expanded B-cell
populations enriched around tumor regions, and several clonally expanded T-cell groups. One dominant
T-cell clone was consistently detected across all serial sections analyzed, revealing persistent clonal
expansion and infiltration within the tumor.

Finally, Direct-Seqg was combined with multiplexed protein detection on the same tissue sections, confirming
spatial correlation between transcript identity and phenotypic protein expression.

In summary, Direct-Seq enables spatially resolved sequencing of IgH and TCRp transcripts, uncovering
immune clonality and distribution with subcellular precision, and offering a powerful approach for advancing
spatial immunology, cancer biology, and translational research.
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Spatial Transcriptomics (ST) method can broadly be categorized into two main types: probe-based imaging
platforms such as Xenium, and sequencing-based technologies including Visium, Slide-seq, and others.
While sequencing-based ST is target-agnostic and well suited for discovery-driven research, it typically relies
on the production of chip with an array of capture probes, mostly poly-dT sequence. These chips determine
spatial resolution and are a primary driver of the high cost associated with commercially available platforms.

Seqg-Scope (Cho et al, 2021, Kim et al., 2024, Schott et al,, 2024) introduces a game-changing approach by
repurposing lllumina Novaseg 6000 S4 sequencing flow cell to generate ST chips in-house. This enables
significantly reduced cost while achieving ultra-high-resolution datasets.

We validated Seqg-Scope using mouse kidney tissue, from chip production to library sequencing. Our
results indicate successful chip generation with optimal cluster density. The base composition at each cycle
reflects the design of the HDMI, indicating that the HDMI randomer is successfully clustered. Sequencing
yielded ~544 million paired-end reads, covering 32 bp spatial barcode and 115 bp transcript, sufficient for
downstream validation. Unique barcode per tile is ~2.5 million, further confirming the fully optimized chip
production.

Using a 12-uym hexagonal grid, we visualized the gene counts per spital unit. The resulting gene expression
map aligns precisely with kidney tissue architecture. Key renal markers appear in their expected anatomical
locations: Umod and S/ci2al co-localize in the tubular region of the nephron; Gatm and S/c34al are both
highly expressed in proximal tubules; Nphs2 and Podx/ are expressed in podocytes within discrete small
regions of the cortex.

Downstream analysis, including cell segmentation and cell type clustering, are in progress. Together, these
results demonstrate that Seg-Scope enables cost-effective, ultra-high-resolution spatial transcriptomics with
accurate tissue architecture mapping. We believe Seg-Scope will be transformative for both research and
clinical translation.
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Alzheimer’s disease (AD) is a devastating age-related neurodegenerative disorder that affects approximately
1in 9 individuals aged 65 and older in the United States and remains one of the greatest biomedical
challenges of our time. Despite decades of research, the molecular drivers of hallmark AD pathologies—such
as amyloid-beta plagques and tau tangles—are still not fully understood. This is in part due to a critical gap:
the lack of cell type-specific insights into epigenetic regulation during disease progression.

Emerging evidence points to DNA methylation as a major player in AD. Several bulk tissue studies have
attempted to identify methylation differences in neuronal and non-neuronal cells during AD progression.
However, these bulk approaches studies obscure the nuances of how DNAmMe shapes gene regulation in
individual cell types. Understanding these relationships at single-cell resolution is essential to unraveling the
complex molecular networks underlying AD.

To address this, we developed ME-seq, a groundbreaking, cost-effective single-cell multi-omic technology
that simultaneously captures gene expression, chromatin accessibility, and DNA methylation in individual
cells, at a massive scale. This innovative method enables unbiased discovery of regulatory pathways,
transcription factors, gene programs that are linked to DNA methylation at unprecedent resolution. Using
ME-seq, we generated a comprehensive single-cell dataset from multiple brain regions that are strongly
affected by AD. The samples encompassed several developmental and aging stages and included both wild-
type and AD model mice. Leveraging the power of the new technology and next generation sequencing,

we dissect cellular and molecular diversity of AD with transformative depth and precision, transforming our
understanding of epigenetic regulation in Alzheimer’s disease and leading to new therapeutic strategy.
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Structural variation refers to differences in genomic regions that are larger than

1 Kbps between individuals, and can arise as a result of errant DNA repair mechanisms, whole genome
duplications and transposable element activity across the genome. Recent advances, optimizations and
cost reductions in next generation sequencing technologies have facilitated the exponential increase in
the amount of available short and long read genomic data. Subsequently, the number of plant species
seqguenced has grown over the past 20 years, paving the way for a better understanding of their genetic
diversity. Plant genomes also vary widely in ploidy, size, and amount of repeat content. This presents
challenges in detecting structural variation, especially with short read genomic sequence data. Numerous
methods and bioinformatics tools have been developed to detect signatures of structural variation from
short read sequence data. Here we present svArcher, a reproducible structural variant calling pipeline.
SVArcher implements an ensemble suite of structural variant callers (lumpy-sv, delly and wham) in addition
to an integrated benchmarking with Truvari as a module within the snpArcher pipeline. We apply svArcher
to short read whole genome plant sequence data using Arabidopsis thaliana as a study species for
benchmarking against a set of 155,440 structural variants (14116 duplications, 81490 deletions and 3501
inversions) and report F1-Score, precision and recall. We utilize 1163 samples from BioProject(PRIJNA273563)
to validate pipeline workflow. Preliminary evaluation metrics show we achieve an F1 score of ~0.5 for
duplications and deletions and 0.04 for inversions, precision scores of 0.4, 0.57 and 0.02 for duplications,
deletions and inversions respectively, and recall scores of 0.71, 0.47 and 0.66. Further development is
currently underway to optimize call merging and filtering parameters and svArcher can be found at the
snpArcher fork https://github.com/ChabbyTMD/snpArcher under the svArcherRebase branch.
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AGBT RETURNS TO CORONADO ISLAND IN 2026
LOEWS CORONADO BAY RESORT, SAN DIEGO, CA
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SAVE THE DATE: SEPTEMBER 14 - 16, 2026

LEARN MORE AT WWW.AGBT.ORG




Context is
solved.
Scale is solved.
Now go do
the science.

VO WAYS
'FORWARD

ANV,

= Element
=) Biosciences ntbiosciences.com
S '

=




COLLABORATION AT SCALE—INNOVATING TOGETHER

Join us for an unforgettable 80s throwback party—

honoring the decade that IDT first began accelerating science.
Party with us Tuesday, February 24, at 9:30 PM in the Nassau Suite.

Don't miss our bronze sponsor talk with IDT President Ajay Gannerkote

ACCELERATING ENHANCED GENOMIC SOLUTIONS
February 25 | 3:00 PM

‘ For Research Use Only. © 2026 Integrated DNA Technologies, Inc. All rights reserved. Trademarks -
contained herein are the property of Integrated DNA Technologies, Inc. or their respective owners.

danaher For specific trademark and licensing information, see www.idtdna.com/trademarks. INTEGRATED DNA TECHNOLOGIES



The path from insight to impact

Explore how lllumina continues to redefine the
limits of what's possible.

Visit lllumina in the Orange Lounge to explore
our latest innovations in library prep,
seguencing systems, and analysis.
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