
Structural Variations

Lixing Yang, Ph.D.
Ben May Department for Cancer Research



Outline

• What are SVs?
• Complex SVs
• SV calling
• SV landscape
• SV signatures
• Oncogenic SVs



Structural Variations (SVs)/Genomic 
rearrangements



DNA Double Strand Break Repair

• HR: Homologous recombination
• NHEJ: Non-homologous end joining
• MMEJ/alt-EJ: Microhomology mediated end joining
• NAHR: Non-allelic homologous recombination
• FoSTeS/MMBIR: Fork stalling and template switching/Microhomology 

mediated break induced repair



BCR-ABL Fusion

• Philadelphia chromosome (reciprocal translocation between 
chromosome 9 and 22) in CML
• BCR-ABL1 fusion
• Imatinib, etc.



Complex karyotype



Chromothripsis



ShatterSeek



Complex SV mechanisms

Extrachromosomal DNA (ecDNA)



Chromoplexy

ChainFinder
Junction pattern



SV calling strategies

• Read depth
• Read pair
• Split read
• Genome assembly



Meerkat (validation rate 80-90%)



Manta



Benchmarking



Good SV callers

• Short reads:
§ Meerkat, Manta, GRIDSS, Delly, Breakseq, Lumpy, …

• Long reads:
§ Sniffles



True SV (300kb del, PTEN loss KICH)
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Too many discordant pairs in matched normal
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Too many non-uniq mapped reads in matched 
normal

Tumor
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Too many soft-clipped reads in matched 
normal

Tumor

Normal



True SV (chr2:chr7 THCA)

Tumor



Sniffles (long reads)



Sherlock solution: union of Meerkat and 
Manta
• PCAWG: at least 2 out of 4 (SvABA, DELLY, BRASS, dRanger)
• Validation rate: 90%
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A significant portion of SV breakpoints should 
be supported by CNV breakpoints

CNV

SV



35 LUAD in PCAWG (hg19)

PCAWG

Meerkat
Manta
union

At least 2 out of 4:
SvABA, DELLY, BRASS, dRanger

With CNV support

Without CNV support



Manta problematic with hg38
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DEL and TRA in Manta



Sherlock solution

• Meerkat + Manta union
• Manta SVs: > 3 read pair support && >=1 split read support
• PCAWG missed half of the true SVs



Types of variants

• Germline variants
• ~20,000 per genome by long-read sequencing
• 3,000-5,000 per genome by short-read sequencing

• De novo variants (parent-child trio)
• Dozens per generation
• 1/1000 newborns with translocations/large inversions

• Somatic variants (tumor-normal pair)



Landscape of somatic SVs



SV signatures in 560 breast cancers

Small dup

Small del



BRCA Mutations

• BRCA1 and BRCA2, DNA double strand break repair, 
5-10% in breast cancer
• PARP1, DNA single strand break repair



PCAWG SV signatures



TERT enhancer hijacking
• 6 out of 50 (12%) of chromophobe renal cell carcinomas

Davis*, Ricketts*, Wang*, Yang* et al. 2014 Cancer Cell
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