
Structural Variants



Structural variations

Structural genomic events > 50 bp

CNVs, but also structural rearrangements

Common in human genomes in normal population

Major cause  of phenotypic variation

Common in some diseases, cancer +++

Growing effects on rare disease, autism, schizophrenia



How to detect Structural variations ?



Detection of genomic rearrangements

Mate-pair or paired-
end mapping 
abnormalities

Read depth signals

Split-Read alignments



Singh, A.K., Olsen, M.F., Lavik, L.A.S. et al. Detecting copy number variation in next generation sequencing data from diagnostic gene panels. BMC Med Genomics

Mate-pair or paired-
end mapping 
abnormalities

Read depth signals Split-Read alignments

https://rdcu.be/dDPx1


Copy number: 
it’s all about 

coverage and 
normalization

from Introduction to Somatic Variant Discovery, GATK Best Practices for Variant Discovery 

Mate-pair or paired-
end mapping 
abnormalities

Read depth signals Split-Read alignments



from Somatic Copy Number Alterations, GATK Best Practices for Variant Discovery 

Coverage is 
variable across 
WES targets 
and kits

Mate-pair or paired-
end mapping 
abnormalities

Read depth signals Split-Read alignments



https://www.igv.org/workshops/March2017/SlidesHandouts/IGV_SlideDeck.pdf

Paired reads can yield evidence of structural events. 

Alignment coloring options help highlight these events based on: 

- Inferred insert size (template length) 

- Pair orientation (relative strand of pair)

Mate-pair or paired-
end mapping 
abnormalities

Read depth signals Split-Read alignments



Mate-pair or paired-
end mapping 
abnormalities

Read depth signals Split-Read alignments

insert size

inferred insert size

Differences between insert size and inferred insert size can be used to detect evidence of structural 

variants, including :

• Deletions 

• Insertions 

• Inter-chromosomal rearrangements



http://software.broadinstitute.org/software/igv/interpreting_insert_size

Mate-pair or paired-
end mapping 
abnormalities

Read depth signals Split-Read alignments

inferred insert size 

greater than expected value

DELETION

http://software.broadinstitute.org/software/igv/interpreting_insert_size


http://software.broadinstitute.org/software/igv/interpreting_insert_size

inferred insert size smaller than expected value (possible evidence of an insertion)

Mate-pair or paired-
end mapping 
abnormalities

Read depth signals Split-Read alignments

INSERTION

http://software.broadinstitute.org/software/igv/interpreting_insert_size


Mate-pair or paired-
end mapping 
abnormalities

Read depth signals Split-Read alignments

Inter-chromosomal fusion



IGV Interpreting Color by Pair Orientation

http://software.broadinstitute.org/software/igv/interpreting_insert_size

Mate-pair or paired-
end mapping 
abnormalities

Read depth signals Split-Read alignments

Orientation of paired reads can reveal 

evidence of structural events, including:

- Inversions

- Duplications

- Translocations

http://software.broadinstitute.org/software/igv/interpreting_insert_size


http://software.broadinstitute.org/software/igv/interpreting_insert_size

Inversion

Mate-pair or paired-
end mapping 
abnormalities

Read depth signals Split-Read alignments

http://software.broadinstitute.org/software/igv/interpreting_insert_size


http://software.broadinstitute.org/software/igv/interpreting_insert_size

Inversion

Mate-pair or paired-
end mapping 
abnormalities

Read depth signals Split-Read alignments

http://software.broadinstitute.org/software/igv/interpreting_insert_size


http://software.broadinstitute.org/software/igv/interpreting_insert_size

Inverted Duplication

Mate-pair or paired-
end mapping 
abnormalities

Read depth signals Split-Read alignments

http://software.broadinstitute.org/software/igv/interpreting_insert_size


Tandem Duplication

http://software.broadinstitute.org/software/igv/interpreting_insert_size

Mate-pair or paired-
end mapping 
abnormalities

Read depth signals Split-Read alignments

http://software.broadinstitute.org/software/igv/interpreting_insert_size


Translocation on the Same 
Chromosome

http://software.broadinstitute.org/software/igv/interpreting_insert_size

Mate-pair or paired-
end mapping 
abnormalities

Read depth signals Split-Read alignments

http://software.broadinstitute.org/software/igv/interpreting_insert_size


Mate-pair or paired-
end mapping 
abnormalities

Read depth signals Split-Read alignments

Zhang et al. Identification of genomic indels and structural variations using split reads. BMC Genomics 12, 375 (2011)

Reads spanning the exact breakpoint of a structural variation



Mate-pair or paired-
end mapping 
abnormalities

Read depth signals Split-Read alignments

Translocation leading to a gene fusion DEK-NUP214



SNV

INDEL misalignment < 50bp

Structural Variation Calling

Genome structural variation discovery and genotyping. Nature Review Genetics 2014



SNV

INDEL misalignment
< 50bp

Genome structural variation discovery and genotyping. Nature Review Genetics 2014

Structural Variation Calling



How to represent Structural Variations in VCF ?



Encoding Structural Variants in VCF format

https://samtools.github.io/hts-specs/VCFv4.3.pdf

https://samtools.github.io/hts-specs/VCFv4.3.pdf


Encoding Structural Variants in VCF format

https://samtools.github.io/hts-specs/VCFv4.3.pdf

precise deletion with known breakpoint

https://samtools.github.io/hts-specs/VCFv4.3.pdf


Encoding Structural Variants in VCF format

https://samtools.github.io/hts-specs/VCFv4.3.pdf

imprecise deletion of approximately 205 bp

https://samtools.github.io/hts-specs/VCFv4.3.pdf


Encoding Structural Variants in VCF format

https://samtools.github.io/hts-specs/VCFv4.3.pdf

imprecise deletion of an ALU element

https://samtools.github.io/hts-specs/VCFv4.3.pdf


Encoding Structural Variants in VCF format

https://samtools.github.io/hts-specs/VCFv4.3.pdf

imprecise insertion of an L1 element

https://samtools.github.io/hts-specs/VCFv4.3.pdf


Encoding Structural Variants in VCF format

https://samtools.github.io/hts-specs/VCFv4.3.pdf

imprecise duplication of approximately 21Kb

https://samtools.github.io/hts-specs/VCFv4.3.pdf


Encoding Structural Variants in VCF format

https://samtools.github.io/hts-specs/VCFv4.3.pdf

imprecise tandem duplication of 76bp

https://samtools.github.io/hts-specs/VCFv4.3.pdf


Encoding complex rearrangements with breakends in VCF

Rearrangement breakpoint defined as 2 breakends → novel adjacency

Breakend is encoded by SVTYPE=BND in the INFO field

REF ALT Meaning

s t[p[ piece extending to the right of p is joined after t

s t]p] reverse comp piece extending left of p is joined after

s ]p]t piece extending to the left of p is joined before t

s [p[t reverse comp piece extending right of p is joined before t https://samtools.github.io/hts-specs/VCFv4.3.pdf

https://samtools.github.io/hts-specs/VCFv4.3.pdf


How to visualize Structural Variations ?



Yokoyama, T.T., Kasahara, M. Visualization tools for human structural variations identified by whole-genome sequencing. J Hum Genet 65, 49–60 (2020). 

Visualization of structural variants

https://doi.org/10.1038/s10038-019-0687-0


Yokoyama, T.T., Kasahara, M. Visualization tools for human structural variations identified by whole-genome sequencing. J Hum Genet 65, 49–60 (2020). 

Visualization of structural variants

https://doi.org/10.1038/s10038-019-0687-0


Yokoyama, T.T., Kasahara, M. Visualization tools for human structural variations identified by whole-genome sequencing. J Hum Genet 65, 49–60 (2020). 

Visualization of structural variants

https://doi.org/10.1038/s10038-019-0687-0


Yokoyama, T.T., Kasahara, M. Visualization tools for human structural variations identified by whole-genome sequencing. J Hum Genet 65, 49–60 (2020). 

Visualization of structural variants

https://doi.org/10.1038/s10038-019-0687-0

