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Reminder: Questions

* Type your questions into the “Q&A” box

* Monitored by committee members
* Will verbally answer as many as time allows (at the end)
* May receive a typed answer through the Q&A box from a committee member

* Unanswered questions will be saved for consideration during the March 12
Q&A webinar



ClinGen CNV Technical Standards Web Series

Resources for Population CNV Data: Database
of Genomic Variants (DGV)

http://dgv.tcag.ca



About the Database

* The objective of the Database of Genomic Variants is to provide a comprehensive summary of structural variation in the
human genome. We define structural variation as genomic alterations that involve segments of DNA that are larger
than 50bp. The content of the database only represents structural variation identified in healthy control samples.

* The Database of Genomic Variants provides a useful catalog of control data for studies aiming to correlate genomic
variation with phenotypic data. The database is updated with new data from peer reviewed research studies.

The specific aims of DGV include:
= To provide information about genomic variants identified in control samples

= To serve as a resource to both clinical and research labs

To show variation in genomic context in a simple genome browser

To transparently provide access to underlying source data (downloadable)

To be publicly available at no cost



Database Content

The database has been recently updated and currently contains information from 75 different peer reviewed studies.

There are approximately ~ 980,000 CNV regions and over 4,000 inversions, identified in greater than 47,000 unique
individuals.

The majority of data sets in DGV are from four different types of studies:

= Array based comparative genomic hybridization (CGH) and comparative intensity analysis (SNP/CNV arrays)

* Whole genome sequencing

= Clone end sequence mapping

= Sequence trace mapping

Of note:

* The database is still limited in content

= Approximately 47,000 individuals are represented, and these are not ethnically matched

= Due to biases in studies to date, the content is almost certainly not an accurate representation of structural variation on
a population scale
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Database Update

Increase in Variation Data

Update Summary:

* GRCh38 update for DGV Gold
Standard available

* 3 new studies added

* (nstd166,nstd162,estd217)
* >400,000 new CNVs
 >10,000 new unique samples
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Database of Genomic Variants (http://dgv.tcag.ca)

atabase of enomic ariants

A curated catalogue of human genomic structural variation

About the Project Downloads Links

Statistics FAQ
Genome Browser Query Tool Submissions

Contact Us  Training Resources

Keyword, Landmark or Region Search: | | Search |GRCh37/hg19 |

Examples: RP11-34P13; CFTR, 7q11.21; chr7:71890181-72690180

Find DGV Variants

by Study by Sample
by Method by Vanant

by Platform by Chromosome

Summary Statistics

Stat Merged-level Sample-level
CNVs: 983845 7021692
Inversions: 4083 32044

Number of Studies: 75

News: May 2016 Update and Newsletter has been issued

Hosted by The Centre for Applied Genomics

Please read the usage disclaimer



Database of Genomic Variants: Genome Browser
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Genomic Variants in Human Genome (Build GRCh37: Feb. 2009, hg19): 231 kbp from chr7:130,917,223..131,148,223
Browserl Select Tracks Custom Tracks Preferences

B Search
Landmark or Region:
[chr7:130,917,223..131,148,2  Search |

Examples: chr7:71890181.. 72690180, CFTR, AC108171.3, nsv528033.
Data Source

. K< > > » :
 Genomic Variants in Human Genome (Build GRCh37: Feb. 2009, hg19) ScrolliZoom: | Show 231 kbp LIFiip
Filter variants
| study e = [ + | - |
_Filter | Reset |
B Overview
9'T7nA " i bl bbbl ol " ' bl PR S ddd A bl PO T dbodl el Farw | ddddodo bl L deddd PRTEE TR & ol L e el bbb bbbl L b 4 T b " - 4 4 N
R anaey msaatatusen naamasanyny -sassangess femaanaagagen e praaamaRy =y e
+ B B @ 2 H B chromosome |
T - [ o T T | EEE 1 | . T [ T I I I
B Details ) e _
1 chr7: 231 kbp 50 kbp ! b

s s 'S s 'S s 'S L s 'S L . e | o | e 3 s - 'S - s s s s e . 'S
130920k 130930k 130940k 130950k 130960k 130970k 130980k 130990k 131000k 131010k 131020k 131030k 131040k 131050k 131060k 131070k 131080k 131090k 131100k 131110k 131120k 131130k 131140k

* BB B A H B Cytogenetic Bands

7032.3
“ & Ei B B - B DGV Structural Variants (Blue:Gain;Red:Loss;Brown:Complex;Purple:Inversion;Black:Unknown)
nsvdl154500 (gnomfDStructuralvariants) dgvb619n100 (Coe2014) nsvddB7476 (gnomADStructuralvari
G AT VTN P 0 £ (WL T LRRY | PO S W S A S S Ny ST s A I e T VT U 1
2:»966889 (Sucimant2043) psvd161390 (gnonAlStructuralVariants) nsve49949 (Dogan20id) lesv335938d (1000GenomesConsortiumPilotProject) esv3615039 (1000GenomesConsortiumPhasel)
— R
nsvE24306 (Park2010) nsvd41556829 (gnomADStructuralYariants) Ww6616n100 (Coe2014)
n wrsrR
esy3615036 (1000GenomesConsortiumPhase3) nsvS23877 (Shalkh2009) 66170100 (Coe2014)
pos s =
esy2675097 (1000GenomesConsort jumPhasel) nsvdl63149 (gnomAlStructuralVariants) dgve620n100 (Coe2014) nev831134 (W
T ) S Y e e P S ¥ ey O e ey p—r———
:.-sv36887d3 (Besenbacher2015) 2:\14169014 (gnomADStructuralVariants) dgv6618n100 (Coe2014) esy2572412 (McKernan2009) :‘ssvd480904 '
PRSP RESPN SRS SIS R SRR PRt —
nswe166270 (gnomAlStructuralVariants) :sv4154694 (gnomADStructuralVariants) 033615037 (1000GenomesConsort iumPhase3) nsvd159411 (gnomADStructuralVariants)
esv3677912 (Besenbacher2015) nsv3951 (K1cki2008) 2\:3615038 (1000GenomesConsort iumPhase3)
] r

nswd160957 (gnomADStructuralVariants)
)
dgv6621n100 (Coe2014)
rsv3404634 (Audano2019) :‘GV4481514 (gnomADStructuralvariants)




Database of Genomic Variants: Table Browser

atabase of

ariants

A curated catalogue of human genomic structural variation

enomic

About the Project Downloads
Genome Browser Query Tool

Links Statistics FAQ
Submissions  Contact Us  Training Resources

| accession_
| Filter query | Reset |

I

“ Study Vanants Samples Methods Platforms Analyses

Show entries

Showing 1 to 50 of 75 entries

Copy

Print Ccsv Excel PDF

FAQ |

accession

estd1
estd176
estd180
estd19
estd193
estd194
estd195
estd196
estd197
estd198
estd199
estd20
estd201
estd203
estd209
estd21

study
Redon_et_al_2006
Banerjee_et_al_2011
Pang_et_al_2010
Ahn_et_al_2009
Feuk_et_al_2005
Bentley_et_al_2008
Altshuler_et_al_2010
Simon-Sanchez_et_al_2007
McKernan_et_al_2009
Chia_et_al_2012
1000_Genomes_Consortium_Phase_1
Conrad_et_al_2009
Wong_et_al_2012b
Vogler_et_al_2010
Pang_et_al_2013b
Wheeler_et_al_2008

L4

pubmed 1d
17122850
21479260
20482838
19470904
16254605
18987734
20811451
17116639
19546169
236354598
23128226
19812545
23290073
21179565
24192839
18421352

<

sample size
270
1250
18
1184

181

1151

<

variant count
26086
1813
12614
8590
6
11406
159763
638
13926
780
1225440
71932
330655
46781
3470
46

<




DGV Content
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nsv831084 (Wong2007)

nsvS882 (Kidd2008)

esv196209 (Durbin2010)

dgv11161e59 (Durbin2010)

esv197582 (Durbinz010)

esv2364774 (Bentley2008)
- e s - |
esv26441l (Conrad2009)

Study: Mills et al 2006
Position: chr7:102800544..102801223

Variant Accession: nsv365403

514 (Juz2010)

8970 (Bentleyz2008)
6959 (Durbin2010)
765858 (Durbin2010)
.nsv365403 (Mills2006)

Intedrnal :(D 117790 esyv1252568 (Levy2007)

o - chiziosiiGese OB hote UGS Ensent Users can mouse over the variations to obtain summary information,
Allele length :gs::mbly Il‘l:llele fenot Or Can CIiCk On the

image to go to the variants detail page (below).

S e Additional details such as the allele length, number of gains/losses
R o and the allele state (heterozygous/homozygous) have been added
2:::::;5 analysis_type=Sequence Alignment (When available).

Accession Number(s)

Frequency

£ssv3652338

Sample Size 2
Observed Gain 0
Observed Loss 1

Observed Complex n/a

Frequency n/a



DGV Tracks

e DGV Structural Variants

* Contains all the top level/merged variants (dgv or esv/nsv entries, corresponding to those merged by DGV or the
non-overlapping nsv/esv variants from the original study.)

* Supporting Variants

* Contains the underlying supporting or sample level variants (are summarized and represented in the merged or
sv variant regions)

DGV Gold Standard Variants

* This track contains a curated set of variants from a select number of studies in DGV. High resolution and high
quality studies were evaluated for accuracy and sensitivity and included if they passed strict quality filters.
Overlapping sample level variants were merged to create variant regions if they shared at least 50% of their
length in a reciprocal manner. CNV regions were kept if there was sufficient support from multiple studies and
samples indicating a high quality variant region. The initial criteria required that a variant is found in at least 2
different studies and found in at least two different samples. Information about the underlying samples,

ethnicity and population distribution are recorded. This dataset will be dynamic and will continue to be updated
to reflect new additions to the database.



DGV Gold Standard

* Increase Sensitivity:

* leverage large unique cohorts across many studies
* combine complimentary approaches to better define the underlying variant

* improve the power to detect variants across diverse genomic regions and size ranges compensating for
individual study biases and shortcomings

* Increase Specificity:

* reduce the false positive rate using support from multiple samples and platforms

e currently variants in DGV span ~85% of the genome

* improve resolution and accuracy of variant breakpoints

* more accurate frequency estimates and broader population representation for each variant region.

A copy number variation map of the human genome. Zarrei M, MacDonald JR,
Merico D, Scherer SW. Nat Rev Genet. 2015 Mar;16(3):172-83.PMID:25645873



DGV Gold Standard Workflow

All DGV Studies (n=72)

l - Remove low resolution studies

High quality studies (n=35)

QC Filters/Single Study Evaluations:
1. frequency filters; high % rare variants

2. low validation rate

32 remaining studies
-23,610 uniqgue samples
-5,884,089 variants included

constraint

Generate curated gold standard dataset

3. high CNV content in regions under

Flow chart describing the process for study
selection, and evaluation. All high resolution,
high quality studies were selected, and
evaluated for overall quality, removing those
with high false positive rates. The resulting
data were used as input to generate the DGV
Gold Standard resource.



Evaluating Thresholds
% of genome that is variable at various stringency levels
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Summary Statistics DGV Gold Standard

Gold Standard Statistics # Entries
Studies 32
Variants 5,844,089
Gold Standard Regions 38,185
Gains 6,209
Losses 31,976
Unigue Samples 23,610

% Genome/CNV 17.04%



Study Name

1000 Genomes Pilot Phase
1000GenomesPhasel
1000GenomesPhase3

Ahn2009
Alkan2009
Altshuler2010
Coe2014
Arlt2010
Bentley2008
Boomsma2014
Campbell2011
Conrad2009
Cooper2008
Cooper2011
Dogan2014
Ju2010
Kidd2010b
Kim2009
Levy2007
McCarroll2008
McKernan2009
Mills2006
Mokhtar2014
Pang2010
Park2010
Perry2008
Schuster2010
Sudmant2013
Uddin2014
Vogler2010
Wang2008
Wong2012b

Study Accession
etd59
estd199
estd214
estd199
nstd31
estd195
nstd100
nstd50
estd194
estd215
nstd46
estd20
nstd14
nstd54
nstd73
nstd65
nstd47
nstd43
estd22
nstd22
estd197
nstd6
estd213
estd180
nstd67
nstd4
nstd39
nstd82
estd212
estd203
estd3
estd201

Platform/Method

llumina_GA
lumina_ll_IIX_HiSeq
Multiple_NGS_Sequencing
llumina_GA

llumina_GA+454
Affymetrix6.0_IlluminalM
Affymetrix_6.0

lumina_GA + llluminaOmnil-Quad
llumina_GA

Illumina_HiSeq
AgilentCustom180K_v2.1+v3.0
NimbleGen42M

luminalM
Custom_Illumina_1.2M
Illumina_HiSeq

llumina_GA
SangerSequencing
Agilent24M

SangerSequencing
Affymetrix6.0

SOLiD

SangerSequencing
Affymetrix6.0

Affymetrix6.0 + NimbleGen42M + Agilent24M + llluminalM
Agilent24M
AgilentCustom_015685+015686+244K
llumina_GA+454
Illumina_HiSeq
CytoScanHD_2.7M
Affymetrix6.0

llumina_GA

llumina_GA

DGV Gold Standard Input

» All DGV datasets were
evaluated using a number
of criteria to identify those
with a low false positive
rate (see Zarrei et al, Nature
Reviews Genetics 2015,
PMID: 25645873 for details)

* To improve breakpoint
accuracy, datasets were
selected based on the
approach used to identify
SV’s.

* Sequencing based
(NGS or sanger)

* Array based with
platforms that had a
minimum of 1M
probes

e Custom, focused arrays
with local, high density
coverage)




DGV Gold Standard Clustering and
Breakpoint Assignment

Highest ranking variant determines inner boundaries

1 gssvL1989

-Cluster variants
with minimum ssvl23:rank =1

|
50%reciprocal (NN ssvas6irank =6
overlap | NN ss.789:rank = 5
1 ssv987:rank =12
I ssv654: rank = 8

-Gains and losses
merged separately

Outer boundaries defined by maximum span of variants within cluster

Overview of the process for clustering variants together to generate a gold standard variant record. Each
combination of platform and algorithm was assigned a rank to measure breakpoint capture accuracy. The highest
ranking variant in the cluster is used to define the inner start and stop coordinates. Outer coordinates are defined by
the maximum span of the remaining entries.



Study Accession Study Name Platform Algorithm SampleCount SamplePopulations VariantCount
African
estd20 Conrad2009 NimbleGen 42M GADA 7 40 European 51600
African
Asian
estd59 1000GenomesPilot Hlumina Il Mobile Insertion Mosaik (PEM) analysis_nums5 9 144 European 7531
estd59 1000GenomesPilot 454 GS FLX Mobile Insertion Mosaik (SplitRead) analysis_ 4 - - -
estd59 1000GenomesPilot Illumina GA Il + 454 GS FLX Mobile Insertion Mosaik (PEM) analysis_num4 9 - - -
estd59 1000GenomesPilot Hlumina Il TandemDuplication Spanner (PEM) analysis_n 9 - - -
African
Asian
European
Mexican
estd195 Altshuler_et_al_2010 Affymetrix SNP 6.0 + Illumina Human1Mv1l pooled raw data; QuantiSNP Birdseye 15 1184 Native American 157507
African
Asian
European
Oceania
nstd82 Sudmant2013 lllumina_HiSeq ReadDepth 8 10 South American 121639
African
estd203 Vogler2010 Affymetrix6.0 PennCNV+Birdseye 16 1109 European 42342
African
Asian
European
Mexican
estd199 1000GenomesPhase 1 lllumina 11, 11X, HiSeq PEM; Breakdancer analysis_num=1 9 1055 South American 1202915
estd199 1000GenomesPhase 1 ReadDepth; CNVnator analysis_num=2 8 - - -
estd199 1000GenomesPhase 1 PEM; DELLY analysis_num=3 9 - - -
estd199 1000GenomesPhase 1 ReadDepth+PairedEnd; GenomeStrip analysis | 8 - - -
estd199 1000GenomesPhase 1 SplitRead; Pindel analysis_num=5 5 - - -
nstd100 Coe2014(ARIC) Affymetrix_6.0 Custom_HMM 16 8,733 European 213345
nstd100 Co0e2014(WTCCC2) Affymetrix_6.0 Custom_HMM 16 1500 European 62448
nstd54 Cooper2011 Custom_Illumina_1.2M Custom_HMM 14 1500 European 405414
African
Asian
European
estd212 Uddin2014 CytoScanHD_2.7M ChAS 13 873 Admixed 71178
estd215 Boomsma2014 Illumina_HiSeq GATK+BreakDancer+Pindel+GenomeSTRiP+CN 8 767 European 28083
African
Asian
European
Mexican
Native American
North American
estd214 1000GenomesPhase3 Multiple_NGS_Sequencing RD+PEM 8 2504 South American 2872046




DGV Gold Standard Frequency Calculations

Frequency:

The overall frequency of variants in the region was determined across all studies. To calculate the frequency,
we identified which studies had the power to detect variants at each region (accounting for differences in
coverage and resolution of the various approaches). The number of unique samples reported to contain a
variant as a fraction of the number of unigue samples that were tested at each loci was used to determine
the frequency. Redundancy in common cohorts and samples across the various studies was addressed.
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Population Summary of DGV Gold Standard
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DGV vs. DGV Gold Standard

The DGV structural variation data and DGV Gold Standard data are displayed for comparison.
DGV gold standard CNV regions contain summary information for CNV regions with support across multiple studies and samples.
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& Details

DGV Gold Standard Example
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ID: gssvL117958
# variants: 181

# samples: 149

# studies: 9
Frequency: 0.92%
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¥ Most Visited ’ my Sun Life | Sun Life .., . Database of Genomic ... E! Strand Home Safety Reporting HSC |  Go Transit Guarantee g Office 365 O Rogers: Wireless, TV, I... @ Apple Store for Busine... U RB!
gssvL117958 Details
Name: gssvL117958
Type: copy_number_vanation_region Summary DetaiIS:
Description:
i o, ‘ Clicking on the DGV Gold Standard variant will
Position: chr7 104463733 104478718 . . . . .
e i provide a summary information page with details
Frequency: 0.92% on the CNV region.
Platforms: Affymetrix 6.0
’S\Zy:;""‘ﬁ S The source of the underlying calls, sample
Affymotrix6.0 identifiers, population summary, frequency and
NimbleGen42M Size are reported.
lllumina_lI_lIX_HiSeq
AgilentCustom_015685+015686+244K
AgilentCustom180K_v2 1+v3 .0
Multiple_ NGS_Sequencing
PopulationSummary: Afrnican 74 Asian 0 European 0:Mexican 2:MiddleEast 0:NativeAmerican 0 NorthAmerican 0.Oceania 0.SouthAmerican 1. Turkish 0. Admixed 0.Unknown 72
Studies: Vogler2010

Campbeli2011
Perry2008
Conrad2009
Altshuler2010
Coe2014
McKernan2009
1000GenomesPhase1

1000GenomesPhase3




G @ © £ do tcag.ca/gb2/gbrowse_deta w2 hal9?ref=chr7:start=104463733-end=104478718 e V) ﬁ L exac consortium -
LF Most Visited ’ my Sun Life | Sun Life .., . Database of Genomic ... n Strand Home Safety Reporting HSC | Go Transit Guarantee :"" Office 365 O Rogers: Wireless, TV, I... ®# Apple Store for Busine... 8 RB
algorithms: PennCNV+Birdseye
FEM: RestiDepin: SRR Summary Details (continued):
Custom_HMM
QuantiSNP+BirdsEye .
GADA * The number of studies, and the number of
PEM samples are indicated, and the number of
ReadDepth unique samples tested is reported.
RD+PEM
ADM?2 .
Koes SATRS * The frequency is calculated as
inner_rank: 7 (# samples/ # of unique samples tested) x 100
inner_start: 104464519
toad: LI « The inner rank is also displayed to give a
num_platforms: 9 . . .
general idea on the quality of the breakpoint
num_samples: 149 )
S s A assignments (1 = best, 16 = lowest)
num_unique_samples_tested: 16207
num_variants: 181
number_of_algorithms: 9
outer_end: 104478718
outer_start: 104463733
samples: RW_0258
HG02449

RW_0268



. DGV Struct Var Track Settings X [las — X

<« C @ © & genome.ucsc.edu/cgi-bin/hgTrackUizhgsid=802695427_6n2Mod0azOTP827KYDM 8 - %4 Search N\ W O

{} Most Visited s my Sun Life | Sun Life ... . Database of Genomic ... @ Strand Home 2 Safety Reporting HSC | Go Transit Guarantee =' Office 365 O Rogers: Wireless, TV, l... @& Apple Store for Busine... B RBC Royal Bank - Sign... »

A Genomes Genome Browser Tools Mirrors Downloads My Data Projects Help About Us

DGV Struct Var Track Settings
Database of Genomic Variants: Structural Variation (CNV, Inversion, In/del) (+All Variation tracks)

Display mode:|hide ~| | Submit || Cancel | Reset to defaults

List subtracks: O only selected/visible @all

lhide /* DGV Struct Var Database of Genomic Variants: Structural Var Regions (CNV, Inversion, In/del)  schema
lhide | /* DGV Supp Var Database of Genomic Variants: Supporting Structural Var (CNV, Inversion, In/del) schema
lhike DGV Gold Standard Database of Genomic Variants: Gold Standard Variants schema

Data version: 2016-05-15

Description

This track displays copy number variants (CNVs), insertions/deletions (InDels), inversions and inversion breakpoints annotated by the Database of Genomic Variants (DGV), which contains genomic variations

observed in healthy individuals. DGV focuses on structural variation, defined as genomic alterations that involve segments of DNA that are larger than 1000 bp. Insertions/deletions of 50 bp or larger are also
included.

Display Conventions
This track contains three subtracks:

« Structural Variant Regions: annotations that have been generated from one or more reported structural variants at the same location.
* Supporting Structural Variants: the sample-level reported structural variants.
« Gold Standard Variants: curated variants from a selected number of studies in DGV.

Color is used in these subtracks to indicate the type of variation:

« Inversions and inversion breakpoints are purple.

v
AR I N L LTt s PR | r

DGV # | v | Highlight Al Match Case Match Diacritics Whole Words 1 of 1 match Reached end of page, continued from top X

328 PM

* 2020-02-21 &



. Human hg19 chr7:104448747-° X e - ]

<« c @ © & genome.ucsc.edu/cgi-bin/hgTracks?db=hg198&lastVirtModeType=default&lastVirtMode B e w Search n @0 ¢

L} Most Visited a my Sun Life | Sun Life ... . Database of Genomic ...

Strand Home Safety Reporting HSC | Go Transit Guarantee =. Office 365 O Rogers: Wireless, TV, I.. @ Apple Store for Busine... RBC Royal Bank - Sign... »

Genomes Genome Browser Tools Mirrors Downloads My Data View Help About Us

UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly

move | <<< << < > > >>> zZoomin | 1.5x | 3x | 10x base zoomout| 1.5x | 3x | 10x | 100x

chr7:104,448,747-104,493,704 44958 bp. ‘ enter position, gene symbol, HGVS or search terms ‘ go
chr? (g2z2.2) || . A 1 . o311 [ ] [ 1
Scale 18 kio} { heig
J chr7! | 184,455, san| 104,466, 388| 184,465, aag| 104,478, 6a8| 104,475, aaa| 164,450, 88| 164,455, aa6| 104,496, aoa|

Haplotypes to GRCh37 Reference Seguence
Fatches to GRCh37 Reference Sequence
Database of Genomic Variants: Gold Standard Variants
2ssvL117958 4

- Database of Genomic Variants: Structural Var Regions (CNV, Inwversion, Insdel)

nsvSs87
dovES4Sn1 a8
dav42En21
nsva31ess
nsw1e819625
nEv436982 {13
esv3B14404 —
nsv4375E0
nsvl1161593
nswll61592 —
daveS46niea
eswat2eToe
nsvl1161594
nsws195
esv2E66544
esw3tl4405
nsv812917 —
esva7ra27
nsvB14436
esv2543555
esva761886
esv2422057
nsv442892
esv1111234 I
esv1786323 1
nsvi122169 -—
esyl2 3
NSy 1
esv3ISeS586 I
esv3356233 I
esv3422298 1
esv33057T4 1
o UCsSC Genes (RefSeq, GenBank, CCDS, Rfam, tRNAs & Comparative Genomics)
LHFFLS ¢ £
LHFFL3

MCEI RefSeq genes, curated subset (NM_%, MR_¥, MNF_% or YF_¥) - Annotation Release GCF_066801485.25_GCGRCh37.p13 (20817-84-19)

LHFFLZ &

Fublications: Sequences in Scientific Articles
Sequences

SNPs
Gene Expression in S3 tissues from GTEx RNA-seq of 8555 samples (S70 donors)

LHFFLS

RF11-283F23.2 __
189 _ H3K27AC Mark (Often Found Near Active Regulatory Elements) on 7 cell lines from ENCODE
Layered H3K2TAC

% S G




* B EEE - E DGV Structural Variants (Blue:Gain;Red:L - :C: lex;Purple:l ion;Black:Unknown)
neve08079 (Cooper2011)

nsv608080 (Cooper2011)

nsv1015383 (Coe2014)

nsv3896 (Kidd2008)
dgve550ni00 (Coe2014)

esv2665727 (1000GenomesConsortiumPhasel) nsvB198 (Perry2008) nsv508475 (Teague2010)
esv3614507 (1000GenomesConsortiwmPhase3) dgv6553n100 (Coe2014)

nsv1028397 (Coe2014)

esvZ764022 (Yogler2010)

esv2759552 (Redon2006)

dﬁSftlniOO (Coe2014)

11560054 (Cooper2011) esv3614512 (1000GenomesConsortiumPhase3)
| RTOIEORSTIR SN TR SRS

€e5v2670013 (1000GenomesConsort junPhasel) dgvet56n100 (Coe2014)
re==

e5v3614508 (1000GenomesConsortiunPhase3) esv2761125 (Vogler2010)
)

nsv1124256 (Alsmadi20ld)  esv2735013 (Wong2oiZb) dgvl98n73 (Dogan2014)
' —

esv3614509 (1000GenomesConsort lumPhase3) esv3584551 (Mokhtar2014)
=SS

dgves52n100 (Coe2014)

nsy520896 (Shaikh2009)

esv2735014 (Wong2012b)  dgv6S57ni00 (Coe201d)
]

esv2735015 (Wong2012h)  cigwES58Nn100 (Coe201d)
"

dgve554n100 (Coe2014)

dgvE555n100 (Coe2014)

dgv11561n54 (Cooper2011) nsv1034466 (Coe2014)

nsvi0 (Tuzun2005)

nsv608081 (Cooper2011)

dgv2ddnill (Lou2015)

nsvB199 (Perry2008)

'psvuzsass (Alsnadizoid) nsvi161598 (Louz01%)

esv2B8712 (Conrad2009)

#5v2421395 (Altshuler2010)

dgvi1555n54 (Cooper2011)

nsv608065 (Cooper2011)

dgv11556n54 (Cooper2011)

dgvES5In100 (Coe2014)

dgveS60n100 (Coe201d)

nsvd35856 (Korbel2007)

£5v3542264 (Boomsma2014)
—

dgvi33ni7 (Conrad2006)

nsvB20775 (Ju2010)

nsvB24256 (Park2010)

53614510 (1000GenonesConsort iunPhase3)

esv2735017 (Wong2012b)

nsvild6219 (John2014)

ﬁu1232e199 (1000GenonesConsort iunPhasel )

es5v35B4862 (Mokhtar2014)

dgv6561n100 (Coe2014)

esv996470 (Pang2010)

nsv1032021 (Coe2014)
v
dgve562n100 (Coe2014)

nsv437996 (McCarrol 12006)
nsv608089 (Cooper2011)
nsv608090 (Cooper2011)
dgv11557n54 (Cooper2011)
dgvi11556n54 (Cooper2011)
dgv11559n54 (Cooper2011)

dgvl127n67 (Park2010)
nsvS514437 (Campbell12011)

esv33987 (deSnith2007)

Evaluating Complex
Regions

* Some regions may contain a large

number of overlapping CNVs
which may result in multiple
overlapping DGV Gold Standard
variants

* This may result from the

underlying genomic complexity of
the region (segmental
duplications, repeat rich regions
etc).

Overlapping entries in the Gold
Standard my also result from an
inability to resolve variants
derived from different
platforms/approaches.



dgv6561n100 (Coe2014)
esvI96470 (Pang2010)
nsvi032021 (Coe2014)

Evaluating Complex Regions

dgve562n100 (Coe2014)
nsvd37996 (McCarrol 12006)
nsve08089 (Cooper2011)
—_———

nsve08090 (Cooper2011)
2o areracrcanaasaar s )
dgv11557n54 (Cooper2011)
[t ]

ﬁw.’)&ﬁd (Cooper2011)

11559054 (C 2011)

d§V1 127n67 (Park2010)

nsv514437 (Campbel 12011)
o e

es5v33987 (deSwmith2007)

e gssvL118128
3B DGV Gold Standard Variants (blue=Gain; red=Loss; brown=Gain+Loss) #studies: 3
2 el #variants: 7
sssvl 118126
P #Samples: 7
gsva}18126 gesuL118136 $55UGI5575 Frequency: 0.05%
#studies: 3 g5SVGI5579 g5 1168128
#Variants: 523 '—‘MIBIZ?—G [
#Samples: 523 — ? — |
° gssvL118127 %
n.H-I.LMN “umanH.p1M - * e . L - #StUdies: 11 * - /A » -e
3 @ ILMN Human 610 Quad . . #variants: 2587 gssvL118130 { )
72 B ILMN HumanHap 550 #Samples: 2113 #studies: 3
- - - . 0, . . -
72 B ILMN Human 660W Frequency: 12.19% #variants: 402
’ ¢ > |* * | #Samples: 394 *
2B AFFY SNP Array 5.0 ! il L als| bal | 4 - .= Frequency: _11.03% ' i a
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DGV Gold Standard CNV Distribution by Size and
Frequency
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Things to Consider

The category that appears to be of the most concern are the extremely common calls (> 99%), where there is a possibility
that these may in fact be reference artifacts (false calls).

When looking at this category (> 99% frequency) in more detail to determine if there are any specific patterns that
emerge we see:

1. The majority of the variants in this group are small (<10kb)

2. Most are also only found in 2 subjects and 2 studies (minimum inclusion criteria (400/657)

3. Many of these reside in repeat rich regions (> 75% of the CNV length is annotated as complex)
-Complex regions include simple repeats, repeat masker, segmental duplications, satellite repeats, and
assembly gaps

-CNVs in this category which overlap these complex regions (> 75% of their length) should be evaluated with
caution.



Evaluating the DGV Gold Standard Variants with ClinGen Dosage
Sensitivity Map

(https://dosage.clinicalgenome.org/)

(A) Haploinsufficiency and DGV Gold Standard Deletions

60 Genes with evidence for haploinsufficiency overlap a deletion.
-remove deletions where > 75% of the region is covered by repeats or segmental duplications, n =53 genes
-remove deletions where the frequency of the variant is less than 1% or greater than 99%, n =7 genes
-remove deletions where there is only support in 2 samples and 2 studies (minimum criteria), n=4

Gene CNV Frequency Evidence Phenotype

GP6 gssvL59631 2.69AR BLEEDING DISORDER, PLATELET-TYPE, 11; BDPLT11
MCEE gssvL63781 2.87AR METHYLMALONYL-CoA EPIMERASE DEFICIENCY
PSPH gssvL115680 1.04 AR PHOSPHOSERINE PHOSPHATASE DEFICIENCY; PSPHD
TSEN2 gssvL79955 2.69AR PONTOCEREBELLAR HYPOPLASIA, TYPE 2B; PCH2B

-if we require > 2 studies, and > 2 samples, we do not find any CNVs which overlap.

(B) Triplosensitivity and DGV Gold Standard Duplications

1 Gene with evidence for triplosensitivity overlaps a duplication (found at 0.02% frequency)

Gene CNV Frequency Evidence Phenotype
PAK2 gssvG26773 0.02 Little evidence for dosage

= In a study comparing a large cohort of children with ID
pathogenicity

and/or DD to unaffected adult controls, the incidence of
observed gains of PAK2 was 7/15,767 cases vs 0/8,329
controls. These duplications were likely not focal and
included surrounding genes.


https://dosage.clinicalgenome.org/

How does the DGV Gold Standard compare to other
population CNV data?

DGV Gold Standard gnomAD SV
# Datasets/Studies 32 53
# Samples 23,610 10,847
# Variants Calls 5,844,089 313,581
# Variant Regions 38,185 304,733
Data Type Microarray, multiple platforms Sequencing (NGS) High - 30x coverage
Sequencing (NGS) Low - 15x coverage
Sequencing (Sanger)

Note: The samples included in each database are unique, and do not overlap

gnomAD SV DGV Gold Standard DGV
Classes of SV Deletion Deletion Gain

Duplication Duplication Loss

Multiallelic CNV Duplication

Insertion Deletion

Inversion Insertion

Translocation Tandem Duplication

Complex SV Inversion

Breakends Complex
Sequence Alteration
Novel Sequence Insertion
Copy Number Variation

(https://www.ncbi.nlm.nih.gov/dbvar/studies/nstd166/ AND https://gnomad.broadinstitute.org/about).
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Genomic Variants in Human Genome (Build GRCh37: Feb. 2009, hg19): 3.399 kbp from chr10:36,218,800..36,222,199

Browser | Select Tracks Custom Tracks Preferences
Search
Landmark or Region:
chr10:36,218,800..36,222,1¢  Search
Examples: chr7-71890181..72690180, CFTR, AC108171.3, nsv529033

Data Source <l ¢ — NS .
Genomic Variants in Human Genome (Build GRCh37: Feb. 2009, hg19) ~ Scroll/Zoom: Show 3.4 kbp v LIFiip
Filter variants
variant accession || =|* |nssv15793689
Filter | Reset
B Overview
l:ll‘iﬂ 4 4 4 4 4 i 4 4 4 4 } 3 }
ol 101 2001 30M [ aon 501 20 701 B0 0 1001 1100 1200 1300
*B2 - H ct |
I 1 | i | i EEE. | I . BN BN BN BB EEEE N S R —
B Details
chr18: 3.4 kbp 1kbp |
‘ 36219% 36220k 36221k 36222
* B EDE B DGV Gold Standard Variants (bl in; red=Loss; brown=Gain+Loss)
gssvli1611
+ B 2 2 - | [v107] Supporting Variants (Blue:Gain;Red:Loss:Brown: lex:Purple:! ri Black:Unk ) [filtered]

nessviS5793669 (gnomADStructuralvariants)

£ 31 - H Cytogenetic Bands
10p11.21

+ B B B 2 = @ [v107] DGV Structural Variants (Blue:Gain;Red:Loss;Brown:Complex;Purple:inversion;Black:Unknown) [filtered]
* BB A - B RefSeq Genes
*EEBOHEUCSC

* B B0 - Disease Genes (OMIM)
* B EBEHE DECIPHER Genomic Disorders

Select Tracks | Clear highlighting

Comparing The
Reported Frequency
of Common Variants

DGV Gold Standard gnomAD SV Comparison

gssvL11611 nssv15793689 (DEL_10 109480) # Homozygous = 33
num_samples: 467 allele_count=1242 # samples with CNV = 1209
num_studies:7 num_studies=n/a

num_unique_samples_tested: 3460 allele_number=21692 # samples tested = 10846
num_variants: 743 num_variants=n/a

Frequency: 13.5% allele_frequency=0.057256 Frequency = 11.14%

https://gnomad.broadinstitute.org/variant/DEL_10_1094807?dataset=gnomad_sv r2_ 1



More info on the database and the DGV Gold standard:

Nucleic Acids Res. 2014 Jan;42. The Database of

Nucleic Acids Research Advance Access published October 29, 2013

e s Genomic Variants: a curated collection of structural
variation in the human genome.
The database of genomic variants: a curated MacDonald JR?, Ziman R, Yuen RK, Feuk L, Scherer
collection of structural variation in the human SW.

genome

Jeffrey R. MacDonald', Robert Ziman', Ryan K. C. Yuen', Lars Feuk®* and
Stephen W. Scherer'3*

"The Centre for Applied Genomics, Peter Gilgan Centre for Research and Learning, The Hospital for Sick
Children, 686 Bay Street, Toronto, Ontario M5G 0A4, Canada, 2Department of Immunology, Genetics and
Pathology, Science for Life Laboratory, Uppsala University, Uppsala SE-751 08, Sweden and °Department of

5| AOP, published online 3 February 2015; doi:10.1038/nrg3871

o
Molecular Genetics, University of Toronto, Toronto, Ontario M5S 1A8, Canada CET
Received August 16, 2013; Revised September 25, 2013; Accepted September 27, 2013 2;
A copy number variation map of the
human genome
N at ReV G enet. 20 15 M d r; 16(3) : 172_83 . d Oi : 10 1038/” rg387 1 . Mehdi Zarrei', Jeffrey R. MacDonald', Daniele Merico’ and Stephen W. Scherer'?
A co Py hum ber variation ma p of the human genome. Abstract | A major contribution to the genome variability among individuals comes from
. . 2 deletions and duplications — collectively termed copy number variations (CNVs) — which
Za rel M 1, M d CDO na Id J Rl, M erico Dl, SCh erer SW . alter the diploid status of DNA. These alterations may have no phenotypic effect, account

for adaptive traits or can underlie disease. We have compiled published high-quality data
on healthy individuals of various ethnicities to construct an updated CNV map of the human
genome. Depending on the level of stringency of the map, we estimated that 4.8-9.5% of
the genome contributes to CNV and found approximately 100 genes that can be
completely deleted without producing apparent phenotypic consequences. This map will
aid the interpretation of new CNV findings for both clinical and research applications.


https://www.ncbi.nlm.nih.gov/pubmed/24174537
https://www.ncbi.nlm.nih.gov/pubmed/?term=MacDonald%20JR%5bAuthor%5d&cauthor=true&cauthor_uid=24174537
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ziman%20R%5bAuthor%5d&cauthor=true&cauthor_uid=24174537
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