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            Key Points

                	
                  Structural variation was originally defined as insertions, deletions and inversions greater than 1Â kb in size, but with the sequencing of human genomes now becoming routine, the operational spectrum of structural variants has widened to include events >50Â bp in length.

                
	
                  The main focus of structural variant (SV) studies should be accurate characterization of the copy, content and structure of genomic variants.

                
	
                  Methods to discover and genotype structural variation can be divided into two main types: experimental and computational.

                
	
                  Experimental methods for discovering SVs include hybridization-based approaches (SNP microarrays and array comparative genomic hybridization) and single-molecule analysis (optical mapping). In addition, PCR-based techniques can be used to genotype SVs.

                
	
                  Computational methods use genome sequencing data to discover and genotype SVs. There are four main computational approaches: read-pair, read-depth, split-read and sequence-assembly methods.

                
	
                  All existing platforms and methods have different biases and limitations. Accurate characterization of the full spectrum of structural variation remains a challenge.

                


              

Abstract
Comparisons of human genomes show that more base pairs are altered as a result of structural variation â€” including copy number variation â€” than as a result of point mutations. Here we review advances and challenges in the discovery and genotyping of structural variation. The recent application of massively parallel sequencing methods has complemented microarray-based methods and has led to an exponential increase in the discovery of smaller structural-variation events. Some global discovery biases remain, but the integration of experimental and computational approaches is proving fruitful for accurate characterization of the copy, content and structure of variable regions. We argue that the long-term goal should be routine, cost-effective and high quality de novo assembly of human genomes to comprehensively assess all classes of structural variation.
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                    Figure 1: Classes of structural variation.[image: ]


Figure 2: Structural variation sequence signatures.[image: ]


Figure 3: Copy number variant discovery biases.[image: ]


Figure 4: Genotyping duplicated paralogues using next-generation sequencing.[image: ]


Figure 5: Improved copy number variant genotyping by the integration of computational and experimental approaches.[image: ]
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Glossary
	Structural variant
	
                  (SV). Genomic rearrangements that affect >50Â bp of sequence, including deletions, novel insertions, inversions, mobile-element transpositions, duplications and translocations.

                
	Copy number variant
	
                  (CNV). Also defined as unbalanced structural variants; variants that change the number of base pairs in the genome.

                
	Mobile elements
	
                  DNA sequences that move location within the genome. Active mobile elements (transposons) in the human genome include Alu, L1 and SVA sequences.

                
	Array comparative genomic hybridization
	
                  (Array CGH). A technique based on competitively hybridizing fluorescently labelled test and reference samples to a known target DNA sequence immobilized on a solid glass substrate and then interrogating the hybridization ratio.

                
	SNP microarrays
	
                  Hybridization-based assays in which the target DNA sequences are discriminated on the basis of a single base difference. Assays are processed with a single sample per array and perform both SNP genotyping and copy-number interrogation.

                
	Single-base extension
	
                  Single-base-extension reactions use a primer that binds to a region of interest and follow this with an extension reaction that allows the incorporation of a single base after the primer.

                
	Segmental uniparental disomy
	
                  Uniparental disomy (often abbreviated UPD) is a cryptic alteration in which two copies of a chromosome or segment (segmental UPD) are present, but derive from a single parent.

                
	Nano-channel flow cells
	
                  Specialized flow cells narrow enough for a single DNA molecule to pass through in linear form without having sufficient room to fold over on itself.

                
	Nanoslits
	
                  Narrow channels (~1Â Î¼m wide) on specialized silicon substrates. They are loaded with linear stretched DNA strands by applying a charge to microchannels on the substrates that contain electrodes.

                
	Emulsion picolitre droplet PCR
	
                  Emulsion PCR is based on the generation of independent PCR reaction by emulsifying the aqueous reagents in oil such that each droplet becomes a separate PCR reaction. Reagents are diluted such that each droplet contains a single target sequence.

                
	Paired-end reads
	
                  Two reads sequenced from the start and end of the same molecule (such as a fosmid, bacterial artificial chromosome or next-generation sequence fragment).

                
	Fosmid end sequence library
	
                  Paired-end sequences from a collection of bacterial cloning vectors that can carry an average of 40Â kb of DNA.

                
	Tag SNP
	
                  A SNP in strong linkage disequilibrium with a set of SNPs or a copy number variant.
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