A Novel Workflow for Ultra-Short cfDNA Fragmentomics and Multiomic Profiling in Liquid Biopsies
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Results (cont'd)

MAGicBead™ Technology Enables Comprehensive cfDNA Recovery Fragmentomics Analysis of Cancer Plasma Samples Processed Using MAGicBead ™
Background: Liquid biopsy matrices—including plasma, serum, saliva, and urine—are increasingly used for non- Technology and SPLAT Library Preparation
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Abstract

invasive cancer detection, companion diagnostics, and recurrence monitoring. However, conventional column- a) - ,, b) Hluman Genome Mapped Reads

based purification and double-stranded DNA library preparation fail to capture the full cfDNA landscape,
particularly ultra-short fragments and single-stranded DNA (ssDNA). We evaluated a novel nucleic acid
purification method paired with an ssDNA-compatible library preparation workflow to enable more comprehensive
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cfDNA profiling, using plasma samples as model systems. AGIBoad . — MAGicBead™
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MAGicBead™ cfDNA lIsolation Kit, which incorporates a novel nucleic acid—binding surface, yielded the highest
cfDNA recovery. Extracted cfDNA was subsequently processed using a library preparation workflow derived from
Splinted Ligation Adapter Tagging (SPLAT) chemistry, enabling efficient capture of both double-stranded and
single-stranded DNA species. A distinct population of ultra-short DNA fragments (32—80 bp) was identified through
k-means clustering of mapped fragment length. Notably, this fragment population was markedly enriched in
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samples processed with MAGicBead™ purification, while the canonical nucleosome-associated fragment peak R I L L I 0 " nsert Size (bp) 20 | !
(~167 bp) was preserved across all methods. _ . . _ : :
TO further Investlgate the Orlgln and pOtentIal bIO|OgICa| relevance Of these ultra_short fragmentS, we performed Flgure 2' a) Slngle-donor Wh0|e bIOOd was CO"eCted In KZEDTA bIOOd CO"eCtlon tUbeS Wh0|e bIOOd was Spun at 0'0-__ e coordinate — — — — — — ———— ——

1,000 x g for 10 minutes at room temperature to isolate plasma. cfDNA was extracted from 1 mL of plasma using
various commercially available magnetic bead-based cfDNA Isolation Kits, including the MAGicBead™ cfDNA i

Isolation Kit. Extracted cfDNA was run on the Fragment Analyzer 5200 (Agilent). b) cfDNA extracted from 4 mL of d-mer molif diversity score 1.0
plasma using various commercially available magnetic bead-based cfDNA Isolation Kits was library prepared using the
Zymo-Seq™ SPLAT DNA Library Kit (Zymo Research, Cat No. D5464). Percent reads from WGS at 30x coverage
reveal MAGicBead™ chemistry’s ability to isolate ultra-short cfDNA fragments. For each insert length, the plot value for
each condition was generated by averaging the proportion at each insert length across both replicates.
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peak enrichment analysis using the windowed protection score (WPS) framework. Ultra-short fragment—
associated reads derived from the MAGicBead™ workflow exhibited significant enrichment of WPS peaks,
particularly at CTCF binding sites, suggesting a structured and potentially regulatory origin. We next applied the
optimized workflow to plasma samples from lung cancer patients. Fragmentation profiling revealed increased
variability and elevated DELFI scores in lung cancer samples compared to healthy controls, consistent with
previous reports. Additionally, a reduction in CCCA end motif frequency was observed in cancer-derived cfDNA,
further supporting the potential utility of fragmentomic features for lung cancer detection and characterization.
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MAGicBead™ cfDNA Isolation Kit samples compared to competing vendors, illustrating the utility and potential source of
the ultra-short fragments.
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