
Deciphering DNA Repair Pathways through 
Structural Variant Analysis in Cancer Genomes

INTRODUCTION
Structural variants are large-scale genomic alterations that
fundamentally reshape the architecture of cancer DNA, yet their
accurate detection remains a significant hurdle. Current computational
tools often diverge by as much as 40-60% because different
algorithms prioritize distinct alignment signals, while the traditional
bottleneck of manual visual verification is simply not scalable for
modern research. To bridge this gap, our project establishes a robust,
high-confidence discovery pipeline designed to sensitively identify
both simple and complex rearrangements. Our approach integrates
three complementary strategies to ensure maximum accuracy and
scale. First, we merge the outputs of five specialized callers to capture
a comprehensive union of variants. Second, we eliminate manual
curation bottlenecks by implementing an LLM-based vision system
that automates the classification of genomic coverage plots into true
or false events. Finally, we utilize targeted PacBio long-read
sequencing to resolve ambiguous complex sites and verify long-range
repair outcomes.

By leveraging these structural
patterns, our computational
workflow maps genomic
instability back to specific
DNA repair pathway
deficiencies, creating a
foundation for moving into
clinical cancer genomics.
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Detecting structural variants (SVs) with short-read data is hindered by caller discordance
and the subjectivity of manual review. To address this, we developed an integrated
framework that merges SV calls from DELLY, LUMPY, Manta, svABA, and GRIDSS,
applying stringent filtering to the union set. We automate validation via GPT-5-mediated
IGV plot assessment and resolve complex rearrangements using JaBbA and gGnome
for breakpoint graph reconstruction.

Classifier Design

Structural variant discovery results 
I. Drivers of SV Formation and Genome Instability
SETX deficiency leads to R-loop accumulation at double-
strand breaks, preventing the resolution of RNA/DNA
hybrids. This forces a shift from canonical repair toward
mutagenic Break-Induced Replication (BIR), which is
prone to template switching. Mechanistically, this
explains the elevated inversions and interchromosomal
junctions observed in our samples, as BIR-like repair
generates specific structural "scars" and genome
instability. Cyclin E overexpression induces significant
replication stress and replication fork collapse, increasing
the overall structural variant burden. These collapses
generate double-strand breaks that are resolved through
error-prone pathways. This instability manifests as a
dominance of deletions and translocations resulting from
the mis-joining of distant or nearby DNA breaks.
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Count

p53ko 33
CycE 68
SETXko 18156

Simple SVs: Simple structural variants are classified into five types: deletion, 
duplication, insertion, inversion, and translocation. 
Total SV count SV type distribution SV length & microhomology length distribution 

Complex SVs: The different complex SV types are defined by gGnome and inferred 
from binned read depth data and simple SV breakpoints. 
Double minute (DM) events from SETXko 

II. Improving Consistency in SV Calling
Our pipeline enhances scalability by merging five specialized
callers to resolve the high disagreement seen in individual
algorithms. By implementing an automated LLM vision system,
we eliminate manual curation bottlenecks and standardize the
validation of genomic coverage plots. This reproducible
framework reconstructs complex SVs, providing a robust
foundation for identifying pathway-specific signatures in cancer.

III. Challenges in Linking Clustered Breakpoints
Short-reads offer only indirect evidence of rearrangements and
often fails to resolve the precise architecture of clustered
breakpoints. While our framework improves discovery, read
length limitations still cause ambiguity in complex regions. Long-
read sequencing remains essential to directly link adjacent
breakpoints and validate higher-order events like BIR.
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Few-Shot Learning takes in small number of manually 
completed examples to learn a new task
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