
Centromere-involving variants

Copy number analysis and genomic overview
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Personalized Reference genome-based Cancer Genome 
Analysis Pipeline (PRCGAP)

Discussion
Personalized reference genome-based analysis is expected to expand into clinical
settings (Sabbagh et al., Nature Genetics 2026; Ashley et al., Nature 2026). PRCGAP
provides a comprehensive framework that anticipates this shift.

Introduction
Mutations, including point mutations and structural variants (SVs) in human cancer genomes, are typically identified by mapping sequencing data to existing
human reference genomes. However, there are “dark regions” in the human reference genomes, which are highly repetitive and ethnically/individually variable
regions, such as centromeres (Logsdon et al., 2024, Nature). Recent advances in long-read sequencing technologies and de novo assembly methods have
facilitated the construction of nearly complete human genomes (Cheng et al., 2022, Nat. Methods; Rautiainen et al., 2023, Nat. Biotechnol.). In this study, we
aimed to leverage these sequencing data and de novo assembly methods to comprehensively analyze cancer genomes, including highly repetitive and
ethnically/individually variable regions, by using personalized reference genomes.
We developed Personalized Reference genome-based Cancer Genome Analysis Pipeline (PRCGAP) to perform cancer genome analyses based on

personalized reference genomes constructed by de novo assemblies with Oxford Nanopore ultra-long reads, PacBio Hi-Fi, and Hi-C/Pore-C data. We tried to
apply PRCGAP to eight tumor-normal cell-line pairs (five pairs: publicly available, three pairs: newly generated).

ロングリードアセンブリによる個別化参照ゲノムを用いたがんゲノム解析
パイプラインPRCGAPの開発

De novo assembly results

Benchmark of somatic variants

Phasability: whether each variant was phased to a haplotype or not.
Liftability (CHM13): whether genomic coordinates of each variant based on
PRCGAP were liftable to T2T-CHM13 or not.
Liftability (assembly): whether genomic coordinates of each variant based on
CHM13 were liftable to assembly or not.
A median of 23.4% (15.8–29.9%) of SNVs and 32.6% (25.3–57.6%) of SVs were
PRCGAP-unique.

Comparison of PRCGAP-based SNV/SV results with CHM13-based results

N50 length and T2T chromosomes Misassembly regions

Comparison of PRCGAP-based SNV/SV results with CHM13-based results

PRCGAP-unique variants were enriched in regions annotated as centromeres.

Centromere structure

Somatic SNV ratio No. of SVs

Isochromosome (breakpoints in 
pericentromeric region)

• Somatic SNVs were enriched in centromere dip regions (CDRs), the putative
kinetochore formation sites.

• Most of the SVs in α-satellite and human satellite regions were undetectable by
GRCh38- or T2T-CHM13-based pipelines.

• Analysis of the H209 cell line revealed a pericentromeric breakpoint associated
with isochromosome 5p in chromosome 5 haplotype 1, and the resulting
isochromosome retained the CDR.
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High quality de novo assemblies were obtained with hifiasm and Verkko.
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Near-haploid ALL

• Near-haploid ALL: Allelic loss for most
chromosomes (copy-number plot).

• 1q gain was identified in maternal haplotype
involving the human satellite region.

• 1q gain was recurrent alteration in B-ALL and
the other hematological malignancies.


