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 +++

Deletion Novel sequence insertion Mobile-element insertion
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element

Tandem duplication

Inversion

Interspersed duplication
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Translocation
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Growing effects on rare disease, autism, schizophrenia
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Nature Reviews | Genetics



How to detect Structural variations ?



Detection of genomic rearrangements

Reference

Split-Read alignments
Mate-pair or
paired-end mapping

abnormalities Read depth signals

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

paired-end mapping

Read depth signals

Split-Read alignments

abnormalities
- inferred insert size that is smaller than expected (possible evidence of an insertion)
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Mate-pair or

paired-end mapping Read depth signals Split-Read alignments
abnormalities
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Mate-pair or
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Read depth signals

Split-Read alignments
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Mate-pair or

paired-end mapping
abnormalities

Read depth signals Split-Read alignments
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genome A B
Translocation on the Same
genome A B

Translocations on the same chromosome can be detected by color-codin
between two chromosomes can be detected by coloring by insert size.
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Mate-pair or
paired-end mapping Read depth signals Split-Read alignments
abnormalities

Reference

Adapted from http://www.cs.cmu.edu/~sssykim/teaching/s13/slides/LectureSVII.pdf
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Mate-pair or
paired-end mapping Read depth signals Split-Read alignments

abnormalities

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

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 Read depth signals Split-Read alignments
abnormalities

Collect proportional coverage » Normalize to remove noise
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from Introduction to Somatic Variant Discovery, GATK Best Practices for Variant Discovery



Mate-pair or

paired-end mapping Read depth signals Split-Read alignments
abnormalities

~ WES bait-capture and library amplification add to variability.
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from Somatic Copy Number Alterations, GATK Best Practices for Variant Discovery



Mate-pair or
paired-end mapping Read depth signals Split-Read alignments

abnormalities

Reads spanning the exact breakpoint of a structural variation

Deletion Insertion, small
L —e e L re——————— e
Ref  ee— C—— Rel  e————

Simple SVs

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



Mate-pair or

paired-end mapping Read depth signals Split-Read alignments
abnormalities
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Structural Variation Calling
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Structural Variation Calling
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Genome structural variation discovery and genotyping. Nature Review Genetics 2014



How to represent Structural Variations in VCF ?



Encoding Structural Variants in VCF format

##fileformat=VCFv4.3

##fileDate=20100501

##reference=1000GenomesPilot-NCBI36
##assembly=ftp://ftp-trace.ncbi.nih.gov/1000genomes/ftp/release/sv/breakpoint_assemblies.fasta
##INFO=<ID=BKPTID,Number=. ,Type=String Description="ID of the assembled alternate allele in the assembly file">
#¥INFO=<ID=CIEND, ,Number=2, Type=Integer ,Description="Confidence interval around END for imprecise variants">
#2INFO=<ID=CIPOS Number=2 Type=Integer Description="Confidence interval around POS for imprecise variants">
##INFO=<ID=END,Number=1,Type=Integer ,Description="End position of the variant described in this record">
##INFO=<ID=HOMLEN ,Number=. ,Type=Integer ,Description="Length of base pair identical micro-homology at event breakpoints">
##INFO=<ID=HOMSEQ,Number=. ,Type=String Description="Sequence of base pair identical micro-homology at event breakpoints">
#¥INFO=<ID=SVLEN Number=. K Type=Integer, Description="Difference in length between REF and ALT alleles">
##INFO=<ID=SVTYPE,Number=1 ,Type=String Description="Type of structural variant">

##ALT=<ID=DEL ,Description="Deletion">

##ALT=<ID=DEL:ME:ALU,Description="Deletion of ALU element">

##ALT=<ID=DEL:ME:L1 Description="Deletion of L1 element">

##ALT=<ID=DUP,Description="Duplication">

##ALT=<ID=DUP:TANDEM,Description="Tandem Duplication">

##ALT=<ID=INS,Description="Insertion of novel sequence">

#¥ALT=<ID=INS:ME:ALU,Description="Insertion of ALU element">

#$ALT=<ID=INS:ME:L1 Description="Insertion of L1 element">

##ALT=<ID=INV Description="Inversion">

##ALT=<ID=CNV,Description="Copy number variable region">

##FORMAT=<ID=GT ,Number=1,Type=String ,Description="Genotype">
#¥FORMAT=<ID=GQ,Number=1 ,Type=Integer Description="Genotype quality">
#¥FORMAT=<ID=CN,Number=1,Type=Integer,Description="Copy number genotype for imprecise events">

#¥FORMAT=<ID=CNQ ,Number=1,Type=Float ,Description="Copy number genotype quality for imprecise events">

#CHROM POS 1D REF ALT QUAL FILTER INFO FORMAT NAOOOO1L
1 2827694 rs2376870 CGTGGATGCGGGGAC C . PASS  SVTYPE=DEL;END=2827708; HOMLEN=1; HOMSEQ=G; SVLEN=-14 GT:GQ 1/1:14
2 321682 . T <DEL> 6 PASS  SVTYPE=DEL;END=321887;SVLEN=-205;CIP0S=-56,20;CIEND=-10,62 GT:GQ 0/1:12
2 14477084 . C <DEL:ME:ALU> 12 PASS  SVTYPE=DEL;END=14477381;SVLEN=-297;CIP0S=-22,18;CIEND=-12,32 GT:GQ 0/1:12
3 9425916 . C <INS:ME:L1> 23 PASS  SVTYPE=INS;END=9425916;SVLEN=6027;CIP0S=-16,22 GT:GQ 1/1:18
3 12665100 . A <DUP> 14 PASS  SVTYPE=DUP;END=12686200;SVLEN=21100;CIP0S=-500,500;CIEND=-500,500 GT:GQ:CN:CNQ ./.:0:3:16.2
4 18665128 . 3 <DUP:TANDEM> 11  PASS  SVTYPE=DUP;END=18665204;SVLEN=76;CIP0S=-10,10;CIEND=-10,10 GT:GQ:CN:CNQ ./.:0:5:8.3

https://samtools.github.io/hts-specs/VCFv4.3.pdf
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Encoding Structural Variants in VCF format

##fileformat=VCFv4.3

##fileDate=20100501

##reference=1000GenomesPilot-NCBI36
##assembly=ftp://ftp-trace.ncbi.nih.gov/1000genomes/ftp/release/sv/breakpoint_assemblies.fasta
##INFO=<ID=BKPTID,Number=. ,Type=String Description="ID of the assembled alternate allele in the assembly file">
#¥INFO=<ID=CIEND, ,Number=2, Type=Integer ,Description="Confidence interval around END for imprecise variants">
#2INFO=<ID=CIPOS Number=2 Type=Integer Description="Confidence interval around POS for imprecise variants">
##INFO=<ID=END,Number=1,Type=Integer ,Description="End position of the variant described in this record">
##INFO=<ID=HOMLEN ,Number=. ,Type=Integer ,Description="Length of base pair identical micro-homology at event breakpoints">
##INFO=<ID=HOMSEQ,Number=. ,Type=String Description="Sequence of base pair identical micro-homology at event breakpoints">
#¥INFO=<ID=SVLEN Number=. K Type=Integer, Description="Difference in length between REF and ALT alleles">
##INFO=<ID=SVTYPE,Number=1 ,Type=String Description="Type of structural variant">

##ALT=<ID=DEL ,Description="Deletion">

##ALT=<ID=DEL:ME:ALU,Description="Deletion of ALU element">

##ALT=<ID=DEL:ME:L1 Description="Deletion of L1 element">

##ALT=<ID=DUP,Description="Duplication">

##ALT=<ID=DUP:TANDEM,Description="Tandem Duplication">

#¥ALT=<ID=INS,Description="Insertion of novel sequence">

#¥ALT=<ID=INS:ME:ALU,Description="Insertion of ALU element">

#$ALT=<ID=INS:ME:L1 Description="Insertion of L1 element">

##ALT=<ID=INV Description="Inversion">

#¥ALT=<ID=CNV,Description="Copy number variable region">

#8FORMAT=<ID=CT , Number=1, Type=String,Description="Cenotype"> precise deletion with known breakpoint
#¥FORMAT=<ID=GQ,Number=1 ,Type=Integer Description="Genotype quality">
#¥FORMAT=<ID=CN,Number=1,Type=Integer,Description="Copy number genotype for imprecise events">
#¥FORMAT=<ID=CNQ ,Number=1,Type=Float ,Description="Copy number genotype quality for imprecise events"> ‘(/,//////
In REE ALT QIIAI SLLITERLNED FORMAT NAOOOOL
I 1 2827694 rs2376870 CGCTGGATGCGGGGAC C . PASS  SVTYPE=DEL;END=2827708 ; HOMLEN=1; HOMSEQ=G ; SVLEN=-14 l GT:GQ 1/1:14
2 321682 . T <DEL> 6 PASS  SVTYPE=DEL;END=321887 ;SVLEN=-205; CIP0S=-56,20;CIEND=-10,62 GT:GQ 0/1:12
2 14477084 . c <DEL:ME:ALU> 12 PASS  SVTYPE=DEL;END=14477381;SVLEN=-297;CIP0S=-22,18;CIEND=-12,32 GT:GQ 0/1:12
3 9425916 . c <INS:ME:L1> 23 PASS  SVTYPE=INS;END=9425916;SVLEN=6027;CIP0S=-16,22 GT:GQ 1/1:185
3 12665100 . A <DUP> 14 PASS  SVTYPE=DUP;END=12686200;SVLEN=21100;CIP0S=-500,500;CIEND=-500,500 GT:GQ:CN:CNQ ./.:0:3:16.2
4 18665128 . s <DUP:TANDEM> 11  PASS  SVTYPE=DUP;END=18665204;SVLEN=76;CIP0S=-10,10;CIEND=-10,10 GT:GQ:CN:CNQ ./.:0:5:8.3

https://samtools.qithub.io/hts-specs/VCFv4.3.pdf
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Encoding Structural Variants in VCF format

##fileformat=VCFv4.3

##fileDate=20100501

##reference=1000GenomesPilot-NCBI36
##assembly=ftp://ftp-trace.ncbi.nih.gov/1000genomes/ftp/release/sv/breakpoint_assemblies.fasta
##INFO=<ID=BKPTID,Number=. ,Type=String Description="ID of the assembled alternate allele in the assembly file">
#¥INFO=<ID=CIEND, ,Number=2, Type=Integer ,Description="Confidence interval around END for imprecise variants">
#2INFO=<ID=CIPOS Number=2 Type=Integer Description="Confidence interval around POS for imprecise variants">
##INFO=<ID=END,Number=1,Type=Integer ,Description="End position of the variant described in this record">
##INFO=<ID=HOMLEN ,Number=. ,Type=Integer ,Description="Length of base pair identical micro-homology at event breakpoints">
##INFO=<ID=HOMSEQ,Number=. ,Type=String Description="Sequence of base pair identical micro-homology at event breakpoints">
#¥INFO=<ID=SVLEN Number=. K Type=Integer, Description="Difference in length between REF and ALT alleles">
##INFO=<ID=SVTYPE,Number=1 ,Type=String Description="Type of structural variant">

##ALT=<ID=DEL ,Description="Deletion">

##ALT=<ID=DEL:ME:ALU,Description="Deletion of ALU element">

##ALT=<ID=DEL:ME:L1 Description="Deletion of L1 element">

##ALT=<ID=DUP,Description="Duplication">

##ALT=<ID=DUP:TANDEM,Description="Tandem Duplication">

#¥ALT=<ID=INS,Description="Insertion of novel sequence">

#¥ALT=<ID=INS:ME:ALU,Description="Insertion of ALU element">

#$ALT=<ID=INS:ME:L1 Description="Insertion of L1 element">

##ALT=<ID=INV Description="Inversion">

#¥ALT=<ID=CNV,Description="Copy number variable region">

#8FORMAT=<ID=GT ,Number=1,Type=String,Description="Genotype"> imprecise deletion of approximately 205 bp
#¥FORMAT=<ID=GQ,Number=1 ,Type=Integer Description="Genotype quality">
#¥FORMAT=<ID=CN,Number=1,Type=Integer,Description="Copy number genotype for imprecise events">
#¥FORMAT=<ID=CNQ ,Number=1,Type=Float ,Description="Copy number genotype quality for imprecise events"> ‘(/,//////
#CHROM POS D REF ALT QuAL FILTER INFG FORMAT NA0OOO1
P : GT:GQ 1/1:14
I 2 321682 . T GT:GQ 0/1:12
P TaZ7708%3 . ¢ THE: PASS H R 2 GT:6Q 0/1:12
3 9425916 . c <INS:ME:L1> 23 PASS  SVTYPE=INS;END=9425916;SVLEN=6027; CIPOS--IG 22 GT:GQ 1/1:185
3 12665100 . A <DUP> 14 PASS  SVTYPE=DUP;END=12686200;SVLEN=21100;CIP0S=-500,500;CIEND=-500,500 GT:GQ:CN:CNQ ./.:0:3:16.2
4 18665128 . s <DUP:TANDEM> 11  PASS  SVTYPE=DUP;END=18665204;SVLEN=76;CIP0S=-10,10;CIEND=-10,10 GT:GQ:CN:CNQ ./.:0:5:8.3

https://samtools.qithub.io/hts-specs/VCFv4.3.pdf
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Encoding Structural Variants in VCF format

##fileformat=VCFv4.3

##fileDate=20100501

##reference=1000GenomesPilot-NCBI36
##assembly=ftp://ftp-trace.ncbi.nih.gov/1000genomes/ftp/release/sv/breakpoint_assemblies.fasta
##INFO=<ID=BKPTID,Number=. ,Type=String Description="ID of the assembled alternate allele in the assembly file">
#¥INFO=<ID=CIEND, ,Number=2, Type=Integer ,Description="Confidence interval around END for imprecise variants">
#2INFO=<ID=CIPOS Number=2 Type=Integer Description="Confidence interval around POS for imprecise variants">
##INFO=<ID=END,Number=1,Type=Integer ,Description="End position of the variant described in this record">
##INFO=<ID=HOMLEN ,Number=. ,Type=Integer ,Description="Length of base pair identical micro-homology at event breakpoints">
##INFO=<ID=HOMSEQ,Number=. ,Type=String Description="Sequence of base pair identical micro-homology at event breakpoints">
#¥INFO=<ID=SVLEN Number=. K Type=Integer, Description="Difference in length between REF and ALT alleles">
##INFO=<ID=SVTYPE,Number=1 ,Type=String Description="Type of structural variant">

##ALT=<ID=DEL ,Description="Deletion">

##ALT=<ID=DEL:ME:ALU,Description="Deletion of ALU element">

##ALT=<ID=DEL:ME:L1 Description="Deletion of L1 element">

##ALT=<ID=DUP,Description="Duplication">

##ALT=<ID=DUP:TANDEM,Description="Tandem Duplication">

#¥ALT=<ID=INS,Description="Insertion of novel sequence">

#¥ALT=<ID=INS:ME:ALU,Description="Insertion of ALU element">

#$ALT=<ID=INS:ME:L1 Description="Insertion of L1 element">

##ALT=<ID=INV Description="Inversion">

#¥ALT=<ID=CNV,Description="Copy number variable region"> . . )
#¥FORMAT=<ID=CT , Number=1, Type=String,Description="Genotype"> imprecise deletion of an ALU element
#¥FORMAT=<ID=GQ,Number=1 ,Type=Integer Description="Genotype quality">
#¥FORMAT=<ID=CN,Number=1,Type=Integer,Description="Copy number genotype for imprecise events">

#¥FORMAT=<ID=CNQ ,Number=1,Type=Float ,Description="Copy number genotype quality for imprecise events">

#CHROM POS D REF ALT QUAL FILTER INFO FORMAT NA000O1
1 2827694 rs2376870 CGTGGATGCGGGGAC C . PASS  SVTYPE=DEL;END=2827708;HOMLEN=1; musm-c SVLEN=-14 GT:GQ 1/1:14
2 321682 I <DEL> £ DA : : GT:6Q 0/1:12
2 14477084 . c <DEL:ME:ALU> 12 PASS  SVTYPE=DEL;END=14477381;SVLEN=-297;CIP0S=-22,18;CIEND=-12,3! GT:6Q 0/1:12
3 5425016 . [ IMEWELD 55 PASS  SVIVPE-THS END-3425016 SVIEN=8027, CTIP05=—18, 22 GT:GQ 1/1:15
3 12665100 . A <DUP> 14 PASS  SVTYPE=DUP;END=12686200;SVLEN=21100;CIP0S=-500,500;CIEND=-500,500 GT:GQ:CN:CNQ ./.:0:3:16.2
4 18665128 . ¥ <DUP:TANDEM> 11 PASS  SVTYPE=DUP;END=18665204; SVLEN=76;CIP0S=-10,10;CIEND=-10,10 GT:GQ:CN:CNQ ./.:0:5:8.3

https://samtools.github.io/hts-specs/VCFv4.3.pdf
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Encoding Structural Variants in VCF format

##fileformat=VCFv4.3

##fileDate=20100501

##reference=1000GenomesPilot-NCBI36
##assembly=ftp://ftp-trace.ncbi.nih.gov/1000genomes/ftp/release/sv/breakpoint_assemblies.fasta
##INFO=<ID=BKPTID,Number=. ,Type=String Description="ID of the assembled alternate allele in the assembly file">
#¥INFO=<ID=CIEND, ,Number=2, Type=Integer ,Description="Confidence interval around END for imprecise variants">
#2INFO=<ID=CIPOS Number=2 Type=Integer Description="Confidence interval around POS for imprecise variants">
##INFO=<ID=END,Number=1,Type=Integer ,Description="End position of the variant described in this record">
##INFO=<ID=HOMLEN ,Number=. ,Type=Integer ,Description="Length of base pair identical micro-homology at event breakpoints">
##INFO=<ID=HOMSEQ,Number=. ,Type=String Description="Sequence of base pair identical micro-homology at event breakpoints">
#¥INFO=<ID=SVLEN Number=. K Type=Integer, Description="Difference in length between REF and ALT alleles">
##INFO=<ID=SVTYPE,Number=1 ,Type=String Description="Type of structural variant">

##ALT=<ID=DEL ,Description="Deletion">

##ALT=<ID=DEL:ME:ALU,Description="Deletion of ALU element">

##ALT=<ID=DEL:ME:L1 Description="Deletion of L1 element">

##ALT=<ID=DUP,Description="Duplication">

##ALT=<ID=DUP:TANDEM,Description="Tandem Duplication">

#¥ALT=<ID=INS,Description="Insertion of novel sequence">

#¥ALT=<ID=INS:ME:ALU,Description="Insertion of ALU element">

#$ALT=<ID=INS:ME:L1 Description="Insertion of L1 element">

##ALT=<ID=INV Description="Inversion">

#¥ALT=<ID=CNV,Description="Copy number variable region"> . . . .
##FORMAT=<ID=CT, Number=1, Type=String,Description="Cenotype"> imprecise insertion of an L1 element
#¥FORMAT=<ID=GQ,Number=1 ,Type=Integer Description="Genotype quality">
#¥FORMAT=<ID=CN,Number=1,Type=Integer,Description="Copy number genotype for imprecise events">
#¥FORMAT=<ID=CNQ ,Number=1,Type=Float ,Description="Copy number genotype quality for imprecise events">

#CHROM POS 1D REF ALT ouu. FILTER INFO FORMAT NAOO0O1
1 2827694 rs2376870 CGTGGATGCGGGGAC C PASS  SVTYPE=DEL;END=2827708; HOMLEN=1; HOMSEQ=G; SVLEN=-14 GT:6Q 1/1:14
2 321682 . T <DEL> PASS smps-om. auo-aznssv svu:n--zos cxms--ss 20; cxm- 10,62 GT:6Q 0/1:12
[ <DEL:ME: PASS . 4 3 \ GT:GQ 0/1:12
3 9425916 . [ <INS: ns L1> 23 PASS GT:6Q 1/1:18

12665100 . A <DUP> 14 PASS 3 5 : ;CIPL END=-500,500 GT:GQ:CN:CNQ ./.:0:3:16.2

4 18665128 . .y <DUP:TANDEM> 11 PASS  SVTYPE=DUP; mm-meeszm SVLEN=76; cxms--m 10; CIEND=- 10,10 GT:GQ:CN:CNQ ./.:0:5:8.3

https://samtools.github.io/hts-specs/VCFv4.3.pdf
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Encoding Structural Variants in VCF format

##fileformat=VCFv4.3

##fileDate=20100501

##reference=1000GenomesPilot-NCBI36
##assembly=ftp://ftp-trace.ncbi.nih.gov/1000genomes/ftp/release/sv/breakpoint_assemblies.fasta
##INFO=<ID=BKPTID,Number=. ,Type=String Description="ID of the assembled alternate allele in the assembly file">
#¥INFO=<ID=CIEND, ,Number=2, Type=Integer ,Description="Confidence interval around END for imprecise variants">
#2INFO=<ID=CIPOS Number=2 Type=Integer Description="Confidence interval around POS for imprecise variants">
##INFO=<ID=END,Number=1,Type=Integer ,Description="End position of the variant described in this record">
##INFO=<ID=HOMLEN ,Number=. ,Type=Integer ,Description="Length of base pair identical micro-homology at event breakpoints">
##INFO=<ID=HOMSEQ,Number=. ,Type=String Description="Sequence of base pair identical micro-homology at event breakpoints">
#¥INFO=<ID=SVLEN Number=. K Type=Integer, Description="Difference in length between REF and ALT alleles">
##INFO=<ID=SVTYPE,Number=1 ,Type=String Description="Type of structural variant">

##ALT=<ID=DEL ,Description="Deletion">

##ALT=<ID=DEL:ME:ALU,Description="Deletion of ALU element">

##ALT=<ID=DEL:ME:L1 Description="Deletion of L1 element">

##ALT=<ID=DUP,Description="Duplication">

##ALT=<ID=DUP:TANDEM,Description="Tandem Duplication">

#¥ALT=<ID=INS,Description="Insertion of novel sequence">

#¥ALT=<ID=INS:ME:ALU,Description="Insertion of ALU element">

#$ALT=<ID=INS:ME:L1 Description="Insertion of L1 element">

##ALT=<ID=INV Description="Inversion">

#¥ALT=<ID=CNV,Description="Copy number variable region"> . . . . )
#¥FORMAT=<ID=CT , Number=1, Type=String,Description="Genotype"> imprecise duplication of approximately 21Kb
#¥FORMAT=<ID=GQ,Number=1 ,Type=Integer Description="Genotype quality">
#¥FORMAT=<ID=CN,Number=1,Type=Integer,Description="Copy number genotype for imprecise events">

#¥FORMAT=<ID=CNQ ,Number=1,Type=Float ,Description="Copy number genotype quality for imprecise events">

#CHROM POS 1D REF ALT QUAL FILTER INFO FORMAT NAOOOO1
1 2827694 rs2376870 CGTGGATGCGGGGAC C PASS  SVTYPE=DEL;END=2827708 ; HOMLEN=1 ; HOMSEQ=G ; SVLEN=-14 GT:GQ 1/1:14
2 321682 . T <DEL> 6 PASS  SVTYPE=DEL;END=321887;SVLEN=-205;CIP0S=-56,20;CIEND=£10,62 GT:GQ 0/1:12
2 14477084 . c <DEL:ME:ALU> 12 PASS SVTYPE-DEL END-14477381 SVLEN=-297; CIPOS--22 18;CIEND=-12,32 GT:GQ 0/1:12
3 9425916 c <INS:ME- PASS : : GT:GQ 1/1:1
I 3 12665100 . A <DUP> §0,500 GT:GQ CNQ ./.:6.2
a 4 ¢ <DUP: GT:GQ:CN:CNQ ./.:0:5:8.3

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



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

Encoding Structural Variants in VCF format

##fileformat=VCFv4.3

##fileDate=20100501

##reference=1000GenomesPilot-NCBI36
##assembly=ftp://ftp-trace.ncbi.nih.gov/1000genomes/ftp/release/sv/breakpoint_assemblies.fasta
##INFO=<ID=BKPTID,Number=. ,Type=String Description="ID of the assembled alternate allele in the assembly file">
#¥INFO=<ID=CIEND, ,Number=2, Type=Integer ,Description="Confidence interval around END for imprecise variants">
#2INFO=<ID=CIPOS Number=2 Type=Integer Description="Confidence interval around POS for imprecise variants">
##INFO=<ID=END,Number=1,Type=Integer ,Description="End position of the variant described in this record">
##INFO=<ID=HOMLEN ,Number=. ,Type=Integer ,Description="Length of base pair identical micro-homology at event breakpoints">
##INFO=<ID=HOMSEQ,Number=. ,Type=String Description="Sequence of base pair identical micro-homology at event breakpoints">
#¥INFO=<ID=SVLEN Number=. K Type=Integer, Description="Difference in length between REF and ALT alleles">
##INFO=<ID=SVTYPE,Number=1 ,Type=String Description="Type of structural variant">

##ALT=<ID=DEL ,Description="Deletion">

##ALT=<ID=DEL:ME:ALU,Description="Deletion of ALU element">

##ALT=<ID=DEL:ME:L1 Description="Deletion of L1 element">

##ALT=<ID=DUP,Description="Duplication">

##ALT=<ID=DUP:TANDEM,Description="Tandem Duplication">

#¥ALT=<ID=INS,Description="Insertion of novel sequence">

#¥ALT=<ID=INS:ME:ALU,Description="Insertion of ALU element">

#$ALT=<ID=INS:ME:L1 Description="Insertion of L1 element">

##ALT=<ID=INV Description="Inversion">

#¥ALT=<ID=CNV,Description="Copy number variable region"> . . . .
#8FORMAT=<ID=GT ,Number=1,Type=String,Description="Genotype"> imprecise tandem dupllcatlon of 76bp
#¥FORMAT=<ID=GQ,Number=1 ,Type=Integer Description="Genotype quality">
#¥FORMAT=<ID=CN,Number=1,Type=Integer,Description="Copy number genotype for imprecise events">

#¥FORMAT=<ID=CNQ ,Number=1,Type=Float ,Description="Copy number genotype quality for imprecise events">

#CHROM POS 1D REF ALT QUAL FILTER INFO FORMAT NAOOOO1
1 2827694 rs2376870 CGTGGATGCGGGGAC C PASS  SVTYPE=DEL; END=2827708; HOMLEN=1; HOMSEQ=G ; SVLEN=-14 GT:6Q 1/1:14
2 321682 . T <DEL> 6 PASS  SVTYPE=DEL;END=321887;SVLEN=-205;CIP0S=-56,20;CIEND=-10, GT:GQ 0/1:12
2 14477084 . c <DEL:ME:ALU> 12 PASS  SVTYPE=DEL;END=14477381;SVLEN=-297;CIP0S=-22,18;CIEND=-12,32 GT:GQ 0/1:12
3 94259016 . C <INS:ME:L1> 23 PASS  SVTYPE=INS;END=9425916;SVLEN=6027;CIP0S=-16,22 GT:GQ 1/1:15
3 12665100 A <DUP> 14 PA : ; GT:GQ:LN:CNQ ./.:0 6.2
i 18665128 . T <DUP:TANDEM> 11  PASS  SVTYPE=DUP;END=18665204;SVLEN=76;CIP0S=-10,10;CIEND=-10,10 GT:GQ cNQ ./. :.3

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

Chr2 321681 321682

#CHROM POS 1D REF ALT QUAL FILTER INFO
2 321681 bnd W G G]17:198982] 6 PASS SVTYPE=BND
2 321682 bndV T ]13:123456]T 6 PASS SVTYPE=BND Chri3
13 123456 bnd U C C[2:321682] 6 PASS SVTYPE=BND L 123656 ol
13 123457 bnd X A [17:198983[A 6 PASS SVTYPE=BND
17 198982 bndlY A A]2:321681] 6 PASS SVTYPE=BND X
17 198983 bndZ C [13:123457[C 6 PASS SVTYPE=BND
198982 198983
Y z
REF ALT Meaning Figure 1: All possible orientations of breakends
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 Jplt | piece extending to the left of p is joined before t
[ [p[t | reverse comp piece extending right of p is joined before t https://samtools.qgithub.io/hts-specs/VCFv4.3.pdf
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How to visualize Structural Variations ?



Visualization of structural variants

When alteration is quantitative
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Visualization of structural variants
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When it gets more
complex
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https://training.galaxyproject.org/training-material/topics/visualisation/tutorials/circos/tutorial.html
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