A long-read whole-genome cancer workflow for integrated genomic, biomarker,
and methylation profiling
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Introduction Variant calling benchmarks HiFi data provides phased methylation
Long-read whole-genome sequencing can capture The cancer pipelines achieve strong recall, and precision Methvlation can plav a kev-role in cancer proaression
somatic small variants, structural variants, phasing, improves further with a matched normal sample (Tables Gl byl b p1ay yth o Fil gt olish .d
methylation, repeat variation, and other tumor biomarkers 1&2). The accuracy we observe is consistent with the wlobal perturbances in methylation are well establishe
in a single assay, but analysis is often fragmented across literature, providing high confidence results. {/rqlccz:orectal cancr?r (CI—I?IS) an((j:MUItlhplle |\_/|y9|0flfllas (MM).
separate tools and workflows. To address this gap, we e demonstrate how HiFi omC methylation calls
created secondary analysis workflows that integrate best- Small variants Eroducid by our workflows can be used to develop
e oL ey gonome anansis workflow | Recall | Precision || RSN
iIntegrated with best-in-class tertiary analysis and
reporting.. Tumor-only 0.91 0.51 Methylation in a control cell line (HG02) is typically ~70%
Methods Tumor-normal 0.99 0.89 (Figure 3A). However, we find in a colon cancer cell line
Table 1. The benchmark truth set was the COLO829 cell line from the SMaHT (LS1 80) decreased global levels of methylation ~50%
We developed two PacBio HiFi Who|e_genome ana|ysis consortium, sequenced to ~60-fold coverage in both tumor and normal. Variant (Figure 3B)
Kf for both t Iv (Fi q d tched comparisons were performed using the Aardvark tool '
WOIKTIOWS TOr DO umor-only ( igure ) ana maitche (https://github.com/PacificBiosciences/aardvark).
tumor-normal samples.
Structural variants A
Varint annolation, nterpreaton, and reportng s fuy | IS [ S R
integrated and available through GenomOncology’s Tumor-only 0.91 0 38
Pathology Workbench. Tumor-normal 0.94 0.61 -
e B
Workflow analyses Table 2. The benchmark truth set was the NIST HG008 cell line, sequenced to ~60-fold o
coverage. Variant comparisons were performed using the Truvari tool
Somatic SNV/INDEL Phasing indicates haplotype origin of somatic mutations. (https://truvari.readthedocs.io/en/latest/). :E
: : Complex structural variants hard to resolve with short- o
Somatic structural variants reads.
Mutational signatures Understand mutational processes in cancer. Varlant annOtatlon! |nterpretat|0n, & reportlng .
+ ' ' e
Allele-specific copy number Call haplotype-specific copy numbers. Seamless secondary + tertiary analysis
= e Secondary Analysis can be hosted by GenomOncology: -
iomarkers + Common genomic biomarkers for therapy selection. : : : B rostion (8]
Understanding drug interactions, and neoantigen \C;\L/jctrr)ll(ﬁsertlgf\:\; dlreCtIy to tertlary anaIySIS (Path0|ogy LTI T LI LTIt
PGx diplotyping orediction.
Mitochondrial analysis Biomarker and metabolism analyses. :Z
Terti lysis in GenomOncol .l =
Methylation analysis Global and gene specific methylation patterns. ertiary analysis in benomuncology ews [
GenomOncology Pathology Workbench identifies, o
“' annotates, and auto-classifies the key variants related to o BB
GenomOncoIogy Variant annotation, interpretation, and reporting. cancer inC|Udin9 structural variation. :1‘2 “
Tumor workflow implementation s B ST . o .| - -
Fumor sequencing e s Wi e T R e e el
| Inputs @ :r%Ett(:rTé:E?\ljoneoa :ath"ge"ic (E:Tif:\c;t:;rrz\lﬁ:il|c:1§s&l\|;s:?s1242535315 \T/Zt::nt :; | ) ) 75 B POSiti;Z:(Mb)
HiFi reads + reference NM_198253.3 zgé‘é‘fgg'gted GENIE: 9112 | Hotspot: no VAF: 100.0% Rec: Detected
;:\Ttr{,l': (219 )?181:r‘:r1(::?1) ;'::tralr B ng]E(i/nI]EII\.DNZ:g? i | SpliceAl ?ig: Edges: e — . H 0 A BH o
Small variant and phasing z‘;”;;:f ;z:‘;’:e:ﬁ 2223204(19') O”C‘“‘(B ! F"’”k"rj Genoox View.a" Metrics mean combined methyl (%)
l Gormiine NI 000077.5/ NP 000068 Adocacuted Ei;f;;:l:lt:gsymss % e Deocod Figure 3. [deograms of 5mC methylation levels averaged within cytobands. A)
B AT 24?)17:5355%?;7(1).A17Gfs*51 0 T GO0 e oL Detocted - HGO002 a normal control. B) LS180 CRC shows a global decrease in
‘ Align *I L neiRhesios _>I Hoplotagged BAM Cout: 00 (Detected/Total) oneolB I rankin Genoox Vet methylation, and methylation heterogeneity.
pbmm2 HiPhase phased germline and somatic VCFs SF3B1 P718L (c.2153C>T) Uncertain Effect: unknown | OG Total: 73
Somatic Missense | Exon: 15 of 25 Autocalculated ClinVar: None | dbSNP: rs267599150 Variant: 48
DeepSomatic CNEAGTAR0SSGA 2026.07-23 om0 QAL 1 T
Downstream analyses Count: 0/0 (Detected/Total) Detall View OncoKB | Frankiin Genoox View all Metrics We explored hOW methylation rates in MM Ce” Iines
| | | | | Fully custom reporting corrglate with driver mu.tatlon (Figure fl). Analysis rgyeqls
‘ Methyation ‘ i I S, repeats, MT genome I SV, CNVs, LOK, purity that increased methylation correlate with myc amplification
pG pileup, MethBat PbStarPhase Owl, TRGT, Mitorsaw Severus, Wakhan . . o ] ] ]
- | | A concise report is generated by Pathology Workbench positive cell lines. Relative to controls, the MM cell lines
Figure 1. The workflow is implemented in WDL and contains dozens of steps. customizable, and sub-panels can easily be created from
The first stage aligns, calls small varlants,_a_nd phases the long reads. the Whole Genome Sequencing (WGS) output. 5mC — per-sample mod score distribution
Downstream callers operate on phased HiFi data.
5 5 myc nagative - i .
Depth of coverage considerations - "
Somatic variant calling accuracy depends on depth, as myc_positive - e
shown in Figure 2. High-frequency driver mutations N GenomOncoIo
(>25%) require ~20-fold coverage to achieve strong \ \ gy cantrol - -
recall, whereas low-frequency mutations (<0.5%) require a 0 an £0 8 100
~60-fold coverage. A Mod score {0-100)
Significant Genomic Variants Detected (Oncogenic or Likely Oncogenic)
FosTve Senomlc ndine Tler (UPPRSCOR™D Actonad™ty Figure X. Correlation between myc status and methylation patterns in multiple
60 — PRAF VB0 b 5 ot Trisls " myeloma. The top panel displays the distribution of methylation for cell lines
---------------------------------------------- TERT c.-124C>T 18 Diagnostic Implications without myc ampilification, with myc ampilification, and unaffected controls. The
CDKN2A AB8Gfs"51 2D Diagnostic Implications open boxes are mean methylation values, and the shaded boxes are median.
Pertinent NEGATIVE Biomarkers FDA or NCCN indicated variants for this tumor type that were tested but NOT detected
0.8 1 ALK fusion KIT mut NRAS mut m
S e Conclusions
g e  The cancer workflows deliver a comprehensive suite
3 .. ACTIONABILITY SUMMARY . o _ _
o — of analyses, providing key insights into driver
S Sonw{Tres __jsonn__ Sty mutations, biomarkers, and methylation patterns, all
p from HiFi data.
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2 oy « The GenomOncology workbench effectively integrates
Vomiont with the secondary analysis, classifies and reports
02 - e | T s i o e om0t | b actionable variants.
s — tos L S ooy » An early version of the pipeline is available at:
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Figure 2. Binomial sampling of reads. The x-axis is sequencing depth, and the o L T - * Questions can be directed to Zev Kronenberg at
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