
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

Adapted from http://www.cs.cmu.edu/~sssykim/teaching/s13/slides/LectureSVII.pdf 

Mate-pair or 
paired-end mapping 

abnormalities Read depth signals

Split-Read alignments

http://www.cs.cmu.edu/~sssykim/teaching/s13/slides/LectureSVII.pdf


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

inferred insert size that is larger than expected (possible evidence of a deletion)

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

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

Mate-pair or 
paired-end mapping 

abnormalities
Read depth signals Split-Read alignments

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


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

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


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

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

Reference

Adapted from http://www.cs.cmu.edu/~sssykim/teaching/s13/slides/LectureSVII.pdf 

http://www.cs.cmu.edu/~sssykim/teaching/s13/slides/LectureSVII.pdf


Mate-pair or 
paired-end mapping 

abnormalities
Read depth signals Split-Read alignments

1 copy 1 copy 0 copy 0 copy 2 copies 2 copies

Reference

Adapted from http://www.cs.cmu.edu/~sssykim/teaching/s13/slides/LectureSVII.pdf 

http://www.cs.cmu.edu/~sssykim/teaching/s13/slides/LectureSVII.pdf


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 

Mate-pair or 
paired-end mapping 

abnormalities
Read depth signals Split-Read alignments

Coverage is 
variable across 
WES targets 
and kits



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 ?



Log2 ratios distribution along chromosomes # numbers of copy

Visualization of structural variants

When alteration is quantitative



Visualization of structural variants

https://training.galaxyproject.org/training-material/topics/visualisation/tutorials/circos/tutorial.html

When it gets more 
complex

   Circos plot

https://training.galaxyproject.org/training-material/topics/visualisation/tutorials/circos/tutorial.html

