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 +++
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How to detect Structural variations ?



Detection of genomic rearrangements

Split-Read alignments

Read depth signals

Mate-pair or paired-

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

Duplication of allele 1

“ Read from allele 1
s Read from allele 2

Deletion of allele 1

J
50% MORE

coverage depth

Normal

h 4
50% LESS
coverage depth

Normal
A m e —
5 T e —— I R —
© —— —
[} . ] ——— _
g’——-— - eess——— .

Target region A Target region B Target region C Target region D

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



https://rdcu.be/dDPx1

Mate-pair or paired-

Read depth signals end mapping Split-Read alignments
abnormalities

Collect proportional coverage ‘ Normalize to remove noise
Copy number: S — w—— ‘
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it's all about Identify segment boundaries
coverage and
normalization :
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from Introduction to Somatic Variant Discovery, GATK Best Practices for Variant Discovery



Read depth signals

Mate-pair or paired-

end mapping
abnormalities

Split-Read alignments

~ 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-

Read depth signals end mapping
abnormalities

Paired reads can yield evidence of structural events.

Reference
genome
Alignment coloring options help highlight these events based on:
- Inferred insert size (template length) it
genome

- Pair orientation (relative strand of pair)

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

Split-Read alignments

Inferred insert size

e

Expected insert size



Mate-pair or paired-

Read depth signals end mapping Split-Read alignments
abnormalities

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

variants, including :
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Mate-pair or paired-

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

Read depth signals end mapping Split-Read alignments
abnormalities

- inferred insert size smaller than expected value (possible evidence of an insertion)
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Mate-pair or paired-

end mapping Split-Read alignments

Read depth signals
abnormalities

Inter-chromosomal fusion
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Mate-pair or paired-

Read depth signals end mapping Split-Read alignments
abnormalities

IGV Interpreting Color by Pair Orientation

Category lllumina . . .
Orientation of paired reads can reveal
LR ::i = —" G . . .
- ! evidence of structural events, including:

L o o — = ,

- - - Inversions
RR m = A o

- - Duplications

RL e - ‘- — .

: - - Translocations
LR Normal reads.

The reads are left and right (respectively) of the unsequenced part of the
sequenced DNA fragment when aligned back to the reference genome.

LLLRR Implies inversion in sequenced DNA with respect to reference.

RL Implies duplication or translocation with respect to reference.
http://software.broadinstitute.org/software/igv/interpreting_insert_size
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Mate-pair or paired-

Read depth signals end mapping

Split-Read alignments

abnormalities
Inversion
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Read depth signals

Mate-pair or paired-
end mapping
abnormalities

Split-Read alignments

Inversion

Note drop in coverage at breakpoints
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Mate-pair or paired-

Read depth signals end mapping Split-Read alignments

abnormalities
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Mate-pair or paired-

Read depth signals

end mapping
abnormalities

Split-Read alignments

Tandem Duplication
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Mate-pair or paired-

end mapping Split-Read alignments
abnormalities

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



Mate-pair or paired-
end mapping
abnormalities

Regions  Todls GenemeSpace  Help

Read depth signals

Split-Read alignments
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Structural Variation Calling
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INDEL

Structural Variation Calling

misalignment
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How to represent Structural Variations in VCF ?



Encoding Structural Variants in VCF format

##fileformat=VCFvd.3

##f1leDate=201005601

#é#reference=1000GenomesPilot-NCEI36
##assembly=ftp://ftp-trace.ncbi.nih.gov/1000genomes/ftp/release/ev/breakpoint _assemblies.fasta
##INF0=<1D=BKPTID Number=. ,Typa=3tring,Deacription="ID of the assembled alternate allele in the assembly file">
##INFO=<ID=CIEND Number=2  Type=Integer ,Deacription="Confidence interval around END for imprecise warianta">
##INFO=<ID=CIPOS Number=2  Type=Integer ,Deacription="Confidence interval around POS for imprecise warianta">
##INFO=<ID=END,Number=1,Type=Integer ,Description="End position of the variant deacribed in this record">
##INFO=<ID=HOMLEN ,Number=. ,Type=Integer,Description="Length of base pair ldentical micro-hemology at event breakpoints">
##INF0=<1D=HOMSEQ , Numbar=. ,Typa=3tring,Deacripticon="Sequence of base pair identical micro-homology at event breakpointa®>
#¥INFO=<ID=8VLEN,Number=, ,Type=Integer ,Description="Difference in length between REF and ALT allelea®™>
#YINFO=<ID=8VTYPE, Numbar=1,Typa=8tring ,Description="Type of structural variant">

FYALT=<ID=DEL ,Deacription="Daletion">

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

RUALT=<ID=DEL:ME:L1 . Description="Deletion of L1 elemant“>

FUALT=<I1D=DUP ,Dapcription="Duplication">

WUALT=<I1D=DUP:TANDEM ,Description="Tanden Duplication">

MUALT=<ID=INS ,Description="Insertion of novel megquance">

WEALT=<ID=INS:ME: ALU,Description="Insertion of ALU element">

WUALT=<ID=INS:ME:L1,Description="Insertion of L1 element">

WEALT=<ID=INV Description="Inveraion™>

WEALT=<ID=CNV Descripticn="Copy number variable region'>

WEFORMAT=<ID=0T ,Number=1 , Type=8tring,Description="Genotype">

WEFORMAT=<ID=G0 ,Number=1 , Type=Integer Description="Genotype quality">
WHFORMAT=<ID=CH Number=1 , Type=Integer ,Description="Copy number genotype for imprecise eventa"»
#EFORMAT=<ID=CH ,Number=1 ,Type=Float ,Description="Copy number genotype quality for imprecise eventa">

#CHROM POS ID REF ALT QUAL FILTER INFO FORMAT NAOOOO1

1 2827694 re23TEBTO COTGGATGCGGGGAC C© f PASS3  SVTYPE=DEL ; END=282T708 ; HOMLEN=1 ; HOM3E(=G ; S3VLEN=-14 GT:60 1/1:14

2 321682 . T <DEL> -] PASS3  SVTYPE=DEL; END=321887 ;SVLEN=-2056; CIP0S=-56,20;CIEND=-10,62 GT:60 0/1:12

2 14477084 . c <DEL:ME:ALU> 12 PASS  SVTYPE=DEL;END=144T77381; 3VLEN=-297;CIP08=-22, 18 ;CIEND=-12 32 GT:6Q 0/1:12

3 9425016 . c <INS:ME:L1> 23 PASS  SVTYPE=INS;END=9425916;SVLEN=602T ; CIP03=-16,22 GT:60 1/1:15

3 12665100 . A <DUP> 14 PASS  SVTYPE=DUP;END=12686200; SVLEN=21100; CIPOS=-500,500; CIEND=-500,500 GT:GQ:CM:CNQ ./.:0:3:16.2
4 18665128 . T <DUP:TANDEM> 11  PASS  SVTYPE=DUP;END=18665204 ; SVLEN=T6 ; CIF0S=-10, 10; CIEND=-10,10 GT:GQ:CH:CNQ ./.:0:5:8.3

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



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

Encoding Structural Variants in VCF format

##fileformat=VCFvd.3

##f1leDate=20100501

#éreference=1000GenomesPilot-NCEI3G
##assembly=ftp://ftp-trace.ncbi.nih.gov/1000genomes/ftp/release/ev/breakpoint _assemblies.fasta
##INF0=<1D=BKPTID Number=. ,Typa=3tring,Deacription="ID of the assembled alternate allele in the assembly file">
##INFO=<ID=CIEND Number=2  Type=Integer ,Deacription="Confidence interval around END for imprecise warianta">
##INFO=<ID=CIPOS Number=2  Type=Integer ,Deacription="Confidence interval around POS for imprecise warianta">
##INFO=<ID=END,Number=1,Type=Integer ,Description="End position of the variant deacribed in this record">
##INFO=<ID=HOMLEN ,Number=. ,Type=Integer,Description="Length of base pair ldentical micro-hemology at event breakpoints">
##INF0=<1D=HOMSEQ , Numbar=. ,Typa=3tring,Deacripticon="Sequence of base pair identical micro-homology at event breakpointa®>
#¥INFO=<ID=8VLEN,Number=, ,Type=Integer ,Description="Difference in length between REF and ALT allelea®™>
#YINFO=<ID=8VTYPE, Numbar=1,Typa=8tring ,Description="Type of structural variant">

FYALT=<ID=DEL ,Deacription="Daletion">

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

RUALT=<ID=DEL:ME:L1 . Description="Deletion of L1 elemant“>

FUALT=<ID=DUP ,Dencription="Duplication™>

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

!IiLT-cIrr-INS.Dncriptun-" Insartion of novel segquence>

FUALT=<ID=INS:ME:ALU ,Description="Inesertion of ALU elemant™>

WUALT=<ID=INS:ME:L1,Description="Insertion of L1 element">

WEALT=<ID=INV Description="Inveraion™>

WEALT=<ID=CNV Descripticn="Copy number variable region'>

MSFORMAT=<ID=GT, Number=1, TypesString,Description="Genotype"> precise deletion with known breakpoint
WEFORMAT=<ID=G0 ,Number=1 , Type=Integer Description="Genotype quality">
WUFORMAT=<ID=CH  Number=1 , Type=Integer ,Description="Copy number genotype for imprecise eventa"»
#EFORMAT=<ID=CH ,Number=1 ,Type=Float ,Description="Copy number genotype quality for imprecise eventa"> /
S desim A e EE e FORMAT HADO0O01
I 1 2827694 re23TEBTO COTGOATGOGOGGAC © . PASS  SVTYPE=DEL; END=282T708 ; HOMLEN=1; HOM3EQ=G ; SVLEN=-14 GT:GQ 1/1:14
2 321682 . T <DEL> 3 PASS  SVTYPE=DEL;END=321887 ;SVLEN=-205;CIP0S=-56, 20 ; CIEND=-10,62 GT:60 0f1:12
2 14477084 . i+ <DEL:ME:ALU> 12 PASS  SVTYPE=DEL;END=144T7381;3VLEN=-297;CIP0S=-22, 18 ;CIEND=-12,32 GT:G6Q 0/1:12
3 9425016 . c <INS:ME:L1> 23 PASS  SVTYPE=INS;END=9425916;SVLEN=602T ;CIPOS=-16,22 GT:GQ 1/1:15
3 12665100 . A <DlP> 14 PASE  SVTYPE=DUP;END=12686200; SVLEN=21100; CIP0S=-500 500 ; CIEND=-500 500 GT:GQ:CHM:CNQ ./.:0:3:16.2
4 18665128 . T <DUP:TANDEM> 11 PASS  SVTYPE=DUP; END=18665204 ; SVLEN=76 ; CIPOS=-10, 10; CIEND=-10,10 GT:GO:CH:CNQ ./, :0:5:8.3

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



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

Encoding Structural Variants in VCF format

##fileformat=VCFvd.3

##f1leDate=20100501

#éreference=1000GenomesPilot-NCEI3G
##assembly=ftp://ftp-trace.ncbi.nih.gov/1000genomes/ftp/release/ev/breakpoint _assemblies.fasta
##INF0=<1D=BKPTID Number=. ,Typa=3tring,Deacription="ID of the assembled alternate allele in the assembly file">
##INFO=<ID=CIEND Number=2  Type=Integer ,Deacription="Confidence interval around END for imprecise warianta">
##INFO=<ID=CIPOS Number=2  Type=Integer ,Deacription="Confidence interval around POS for imprecise warianta">
##INFO=<ID=END,Number=1,Type=Integer ,Description="End position of the variant deacribed in this record">
##INFO=<ID=HOMLEN ,Number=. ,Type=Integer,Description="Length of base pair ldentical micro-hemology at event breakpoints">
##INF0=<1D=HOMSEQ , Numbar=. ,Typa=3tring,Deacripticon="Sequence of base pair identical micro-homology at event breakpointa®>
#¥INFO=<ID=8VLEN,Number=, ,Type=Integer ,Description="Difference in length between REF and ALT allelea®™>
#YINFO=<ID=8VTYPE, Numbar=1,Typa=8tring ,Description="Type of structural variant">

FYALT=<ID=DEL ,Deacription="Daletion">

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

RUALT=<ID=DEL:ME:L1 . Description="Deletion of L1 elemant“>

FUALT=<ID=DUP ,Dencription="Duplication™>

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

!IiLT-cIrr-INS.Dncriptun-" Insartion of novel segquence>

FUALT=<ID=INS:ME:ALU ,Description="Inesertion of ALU elemant™>

WUALT=<ID=INS:ME:L1,Description="Insertion of L1 element">

WEALT=<ID=INV Description="Inveraion™>

WEALT=<ID=CNV Descripticn="Copy number variable region'>

#FORMAT=<ID=GT , Nuber=1, Type=String Descriptions"Genotype"> imprecise deletion of approximately 205 bp
WEFORMAT=<ID=G0 ,Number=1 , Type=Integer Description="Genotype quality">
WUFORMAT=<ID=CH  Number=1 , Type=Integer ,Description="Copy number genotype for imprecise eventa"»
#EFORMAT=<ID=CH ,Number=1 ,Type=Float ,Description="Copy number genotype quality for imprecise eventa"> /
#CHROM POS 1D REF ALT QUAL FILTER INFO FORMAT HADO0O01
L PASS _ SVTYPE=DEL: 1 | ! GT:G0 1/1:14
I 2 321682 . T <DEL> & PASS S'l."l"l'PE;-DE.L E.IID-SMBB’?‘ SL’LEII-—?DE I:IPCIS--EIS 20; CIE.IID- 10,62 GT:GQ 0/1:12
7 ToRrT0eq . T <DEL - HE: 4%t 1 B 5 1 N GT:6Q 0/1:12
3 9425016 . c <INS: HE Lix» 23  PASS S'I.I'T'I'PE;-IHS E.IID-!MQE.ME BVLEH-EDET C’IPIIJE- 16 22 GT:GQ 1/1:15
3 12665100 . A <DlP> 14 PASE  SVTYPE=DUP;END=12686200; SVLEN=21100; CIP0S=-500 500 ; CIEND=-500 500 GT:GQ:CHM:CNQ ./.:0:3:16.2
4 18665128 . T <DUP:TANDEM> 11 PASS  SVTYPE=DUP; END=18665204 ; SVLEN=76 ; CIPOS=-10, 10; CIEND=-10,10 GT:GO:CH:CNQ ./, :0:5:8.3

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



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

Encoding Structural Variants in VCF format

##fileformat=VCFvd.3

##f1leDate=201005601

#é#reference=1000GenomesPilot-NCEI36

##assembly=ftp://ftp-trace.ncbi.nih.gov/1000genomes/ftp/release/ev/breakpoint _assemblies.fasta

##INF0=<1D=BKPTID Number=. ,Typa=3tring,Deacription="ID of the assembled alternate allele in the assembly file">
##INFO=<ID=CIEND Number=2  Type=Integer ,Deacription="Confidence interval around END for imprecise warianta">
##INFO=<ID=CIPOS Number=2  Type=Integer ,Deacription="Confidence interval around POS for imprecise warianta">
##INFO=<ID=END,Number=1,Type=Integer ,Description="End position of the variant deacribed in this record">
##INFO=<ID=HOMLEN ,Number=. ,Type=Integer,Description="Length of base pair ldentical micro-hemology at event breakpoints">
##INF0=<1D=HOMSEQ , Numbar=. ,Typa=3tring,Deacripticon="Sequence of base pair identical micro-homology at event breakpointa®>

#¥INFO=<ID=8VLEN,Number=, ,Type=Integer ,Description="Difference in length between REF and ALT allelea®™>

#YINFO=<ID=8VTYPE, Numbar=1,Typa=8tring ,Description="Type of structural variant">

FYALT=<ID=DEL ,Deacription="Daletion">

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

RUALT=<ID=DEL:ME:L1 . Description="Deletion of L1 elemant“>

FUALT=<I1D=DUP ,Dapcription="Duplication">

WUALT=<I1D=DUP:TANDEM ,Description="Tanden Duplication">

MUALT=<ID=INS ,Description="Insertion of novel megquance">

MUALT=<ID=INS:ME: ALU,Description="Insertion of ALU element®>

WUALT=<ID=INS:ME:L1,Description="Insertion of L1 element">

WEALT=<ID=INV Description="Inveraion™>

WEALT=<ID=CNV Descripticn="Copy number variable region'> . A )

MSFORMAT=<ID=GT, Number=1, TypesString,Description="Genotype"> imprecise deletion of an ALU element
WEFORMAT=<ID=G0 ,Number=1 , Type=Integer Description="Genotype quality">
WUFORMAT=<ID=CH  Number=1 , Type=Integer ,Description="Copy number genotype for imprecise eventa"»
#EFORMAT=<ID=CH ,Number=1 ,Type=Float ,Description="Copy number genotype quality for imprecise eventa">

WCHROM POS D REF ALT QUAL FILTER INFO FORMAT HAOOOO1
1 2827694 re23TEAT0 CGTGGATCCGGGGAC C . PASS  SVTYPE=DEL ; END=2827T08 ; HOMLEN=1 ; HOM3EQ=G ; SVLEN=-14 GT:6Q 1/1:14
b 3216887 T ZOEl B £ R SUTY! 5 : : E GT:60 0/1:12
2 14477084 . c <DEL:ME:ALU> 12 PASS  SVTYPE=DEL;END=144T7381;3VLEN=-297;CIP0S=-22,18;CIEND=-12,3 GT:GQ 0/1:12
3 325016 . [ <ING:ME:L1> 23 P& i 16; = i -16, 20 GT:60 1/1:18
3 12666100 . A <DlIP> 14 PASS  SUTYPE=DUP;END=12686200; SVLEN=21100; CIP0S=-500 , 500 ; CIEND=-500,500 GT:GQ:CH:CNQ ./.:0:3:16.2
4 1BEEE128 . T <DUP:TANDEM> 11 PASS  SVTYPE=DUF;END=18665204 ; SVLEN=T6 ; CIPOS=-10, 10; CIEND=-10, 10 GT:G0:CH: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=VCFvd.3

##f1leDate=201005601

#é#reference=1000GenomesPilot-NCEI36

##assembly=ftp://ftp-trace.ncbi.nih.gov/1000genomes/ftp/release/ev/breakpoint _assemblies.fasta

##INF0=<1D=BKPTID Number=. ,Typa=3tring,Deacription="ID of the assembled alternate allele in the assembly file">
##INFO=<ID=CIEND Number=2  Type=Integer ,Deacription="Confidence interval around END for imprecise warianta">
##INFO=<ID=CIPOS Number=2  Type=Integer ,Deacription="Confidence interval around POS for imprecise warianta">
##INFO=<ID=END,Number=1,Type=Integer ,Description="End position of the variant deacribed in this record">
##INFO=<ID=HOMLEN ,Number=. ,Type=Integer,Description="Length of base pair ldentical micro-hemology at event breakpoints">
##INF0=<1D=HOMSEQ , Numbar=. ,Typa=3tring,Deacripticon="Sequence of base pair identical micro-homology at event breakpointa®>
#¥INFO=<ID=8VLEN,Number=, ,Type=Integer ,Description="Difference in length between REF and ALT allelea®™>

#YINFO=<ID=8VTYPE, Numbar=1,Typa=8tring ,Description="Type of structural variant">

FYALT=<ID=DEL ,Deacription="Daletion">

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

RUALT=<ID=DEL:ME:L1 . Description="Deletion of L1 elemant“>

FUALT=<I1D=DUP ,Dapcription="Duplication">

WUALT=<I1D=DUP:TANDEM ,Description="Tanden Duplication">

MUALT=<ID=INS ,Description="Insertion of novel megquance">

MUALT=<ID=INS:ME: ALU,Description="Insertion of ALU element®>

WUALT=<ID=INS:ME:L1,Description="Insertion of L1 element">

WEALT=<ID=INV Description="Inveraion™>

WEALT=<ID=CNV Descripticn="Copy number variable region'> . A . .
WHFORMAT=<ID=0T , Number=1 , Type=String ,Description="Genotypa"> imprecise insertion of an L1 element
WEFORMAT=<ID=G0 ,Number=1 , Type=Integer Description="Genotype quality">
WUFORMAT=<ID=CH  Number=1 , Type=Integer ,Description="Copy number genotype for imprecise eventa"»
#EFORMAT=<ID=CH ,Number=1 ,Type=Float ,Description="Copy number genotype quality for imprecise eventa">

#CHROM POS 1D REF ALT QUAL FILTER INFO FORMAT NAOOBO1

1 JB2TE04 re23TEETO COTCCATCCGGEGAC © PASS  SVTYPE=DEL;END=2827708; HOMLEN=1; HOM3EQ=G ; 3VLEN=-14 GT: 60 1/1:14

g 321682 . T <DEL> 5 PASS smPE'.-bE.L E.Ilnn-snsm vaE.H-—zns clms-—ss 20; c1 GT: 60 af1:12

o <iE]. < ME « T . a o GT: 60 af1:12

I 3 G42E5016 . c <INS: HE Li> 23 GT: 60 1/1:15
3 To6E5100 . i <OUP> T2 PASS H T FOS [ND=-500,500 GT:60:CM:CNQ ./.:0:3:16.2
4 18665128 | T <DUP:TANDEM> 11  PAS3  SVTYPE=DUP; Ellnn-mﬁsszm SVLEN=T&; IZ!]'.P-EIB-—!.D 10; CIEHD- 10,10 GT:GQ:CH: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=VCFvd.3

##f1leDate=201005601

#é#reference=1000GenomesPilot-NCEI36
##assembly=ftp://ftp-trace.ncbi.nih.gov/1000genomes/ftp/release/ev/breakpoint _assemblies.fasta
##INF0=<1D=BKPTID Number=. ,Typa=3tring,Deacription="ID of the assembled alternate allele in the assembly file">
##INFO=<ID=CIEND Number=2  Type=Integer ,Deacription="Confidence interval around END for imprecise warianta">
##INFO=<ID=CIPOS Number=2  Type=Integer ,Deacription="Confidence interval around POS for imprecise warianta">
##INFO=<ID=END,Number=1,Type=Integer ,Description="End position of the variant deacribed in this record">
##INFO=<ID=HOMLEN ,Number=. ,Type=Integer,Description="Length of base pair ldentical micro-hemology at event breakpoints">
##INF0=<1D=HOMSEQ , Numbar=. ,Typa=3tring,Deacripticon="Sequence of base pair identical micro-homology at event breakpointa®>

#¥INFO=<ID=8VLEN,Number=, ,Type=Integer ,Description="Difference in length between REF and ALT allelea®™>

#YINFO=<ID=8VTYPE, Numbar=1,Typa=8tring ,Description="Type of structural variant">

FYALT=<ID=DEL ,Deacription="Daletion">

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

RUALT=<ID=DEL:ME:L1 . Description="Deletion of L1 elemant“>

FUALT=<I1D=DUP ,Dapcription="Duplication">

WUALT=<I1D=DUP:TANDEM ,Description="Tanden Duplication">

MUALT=<ID=INS ,Description="Insertion of novel megquance">

MUALT=<ID=INS:ME: ALU,Description="Insertion of ALU element®>

WUALT=<ID=INS:ME:L1,Description="Insertion of L1 element">

WEALT=<ID=INV Description="Inveraion™>

WEALT=<ID=CNV Descripticn="Copy number variable region'> . A A ) N
WEFORMAT=<ID=CT , Number=1, Type=String,Description="Cenctype"> imprecise duplication of approximately 21Kb
WEFORMAT=<ID=G0 ,Number=1 , Type=Integer Description="Genotype quality">
WUFORMAT=<ID=CH  Number=1 , Type=Integer ,Description="Copy number genotype for imprecise eventa"»
#EFORMAT=<ID=CH ,Number=1 ,Type=Float ,Description="Copy number genotype quality for imprecise eventa">

#CHROM POS ID REF ALT QUAL FILTER INFO FORMAT HAOODO1

1 2827694 re23TEATO COTGGATGCGGGGAC O . PASS  SVTYPE=DEL;END=282T7708; HOMLEN=1 ; HOMSEQ=G ; SVLEN=-14 GT:60 1/1:14

2 321682 . T <DEL> 6 PASS  SVTYPE=DEL ; END=321887 ; SVLEN=-205; CIP0S=-56,20;CI P GT:60 0/1:12

2 14477084 . c <DEL:ME:ALU> 12 PAS3  SVTYPE=DEL;END=144T7381; SVLEN=-297; CIPOS=-22, 18 ; CITERD=-12,32 GT:6Q 0/1:12

3 S4208018 L SINS-ME-T 1> o3 EASS VT PE=THS  FN=0420016 - SV F=a00T - CTPOS=—1§ 23 GT:60Q 1/1:1

3 12665100 . A <DlP> 14  PASS S'I.I'T'I'PE;-DUP EIID-!.QEBEE:)E 51|'LE.‘1'.I-211M c]‘.PﬂB-—EDﬂ E:DD CIEND=-5{40,500 GT:60 CHR ./.: 1@‘ 6.2
1 T P EM FASH i T &} P GT:GQ:CHM: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=VCFvd.3

##f1leDate=201005601

#é#reference=1000GenomesPilot-NCEI36

##assembly=ftp://ftp-trace.ncbi.nih.gov/1000genomes/ftp/release/ev/breakpoint _assemblies.fasta

##INF0=<1D=BKPTID Number=. ,Typa=3tring,Deacription="ID of the assembled alternate allele in the assembly file">
##INFO=<ID=CIEND Number=2  Type=Integer ,Deacription="Confidence interval around END for imprecise warianta">
##INFO=<ID=CIPOS Number=2  Type=Integer ,Deacription="Confidence interval around POS for imprecise warianta">
##INFO=<ID=END,Number=1,Type=Integer ,Description="End position of the variant deacribed in this record">
##INFO=<ID=HOMLEN ,Number=. ,Type=Integer,Description="Length of base pair ldentical micro-hemology at event breakpoints">
##INF0=<1D=HOMSEQ , Numbar=. ,Typa=3tring,Deacripticon="Sequence of base pair identical micro-homology at event breakpointa®>
#¥INFO=<ID=8VLEN,Number=, ,Type=Integer ,Description="Difference in length between REF and ALT allelea®™>

#YINFO=<ID=8VTYPE, Numbar=1,Typa=8tring ,Description="Type of structural variant">

FYALT=<ID=DEL ,Deacription="Daletion">

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

RUALT=<ID=DEL:ME:L1 . Description="Deletion of L1 elemant“>

FUALT=<I1D=DUP ,Dapcription="Duplication">

WUALT=<I1D=DUP:TANDEM ,Description="Tanden Duplication">

MUALT=<ID=INS ,Description="Insertion of novel megquance">

MUALT=<ID=INS:ME: ALU,Description="Insertion of ALU element®>

WUALT=<ID=INS:ME:L1,Description="Insertion of L1 element">

WEALT=<ID=INV Description="Inveraion™>

WEALT=<ID=CNV Descripticn="Copy number variable region'> . A . .
WHFORMAT=<ID=GT, Humber=1, Type=String,Description="Genotyps®> imprecise tandem duplication of 76bp
WEFORMAT=<ID=G0 ,Number=1 , Type=Integer Description="Genotype quality">
WUFORMAT=<ID=CH  Number=1 , Type=Integer ,Description="Copy number genotype for imprecise eventa"»
#EFORMAT=<ID=CH ,Number=1 ,Type=Float ,Description="Copy number genotype quality for imprecise eventa">

#CHROM POS 1D REF ALT QUAL FILTER INFO FORMAT HADO0O01

1 2827694 re23TE8TO COTGOATGOGOGGAC © . PASS  SVTYPE=DEL; END=2827708; HOMLEN=1 ; HOM3EQ=G ; SVLEN=-14 GT:GQ 1/1:14

2 az1682 . T <DEL> & PASS  SVTYPE=DEL;END=321887 ; SVLEN=-205; CIP0S=-56, 20 ; CIEND=-10, GT:6O 0f1:12

2 14477084 . i+ <DEL:ME:ALU> 12 PASS  SVTYPE=DEL;END=144T7381;3VLEN=-297;CIP0S=-22, 18 ; CIEND=- GT:G6Q 0/1:12

3 9425016 . c <INS:ME:L1> 23 PASS  SVTYPE=INS;END=9425916;SVLEN=602T ;CIPOS=-16,22 GT:GQ 1/1:15

3 12665100 A <[P 14 _PASS  SVTYE i ; = i —= 0,500 GT:GQ:LH:CNQ ./.:0,3516.2
4 18665128 . T <DUF:TANDEM> 11  PASS  SVTYPE=DUP;END=18665204 ; SVLEN=7&; CIP0S=-10, 10; CIEND=-10, 10 GT: GO CNQ ./. :.3

https://samtools.github.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 ID REF ALT QUAL FILTER INFO
2 321681 bond W G G]17:198982] 6 PASS SVTYPE=BND
2 321682 bndV T ]13:123456]T 6 PASS SVTYPE=BND
13 123456 bond U C C[2:321682] 6 PASS SVTYPE=BND 150460 125457
13 123457 bnd X A [17:198983[A 6 PASS SVIYPE=BND
17 198982 bondY A A]2:321681] 6 PASS SVTYPE=BND
17 198983 bndZ  C [13:123457[C 6 PASS SVIYPE=BND
198982 ;98983
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 tlp] | reverse comp piece extending left of p is joined after
S Iplt | 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
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How to visualize Structural Variations ?



Visualization of structural variants

A, Linear Genome Browser

F. Linear Coordinate Plot D. SV Table I. Graph View
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Yokoyama, T.T., Kasahara, M. Visualization tools for human structural variations identified by whole-genome sequencing. J Hum Genet 65, 49-60 (2020).
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Visualization of structural variants
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Yokoyama, T.T., Kasahara, M. Visualization tools for human structural variations identified by whole-genome sequencing. J Hum Genet 65, 49—60 (2020).
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Visualization of structural variants
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Yokoyama, T.T., Kasahara, M. Visualization tools for human structural variations identified by whole-genome sequencing. J Hum Genet 65, 49—60 (2020).
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Visualization of structural variants

Graph View
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