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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
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VWHAT IS GNOMAD-SV?

Structural variation (SV) catalog built from genome sequencing of 14,891 individuals

gnomAD
NTVYY

genome aggregation database

« Part of the Genome Aggregation
Database (gnomAD)

https://gnomad.broadinstitute.org

See our preprint for more info

An open resource of structural variation for medical and population
genetics

Ryan L. Collins, Harrison Brand, Konrad J. Karczewski, Xuefang Zhao, Jessica Alfoldi, Laurent C. Francioli,

AmitV. Khera, Chelsea Lowther, Laura D. Gauthier, Harold Wang, Nicholas A.Watts, Matthew Solomonson,

Anne O’Donnell-Luria, Alexander Baumann, Ruchi Munshi, Mark Walker, Christopher Whelan, Yongging Huang,
Ted Brookings, Ted Sharpe, Matthew R. Stone, Elise Valkanas, Jack Fu, Grace Tiao, Kristen M. Laricchia,

Valentin Ruano-Rubio, Christine Stevens, Namrata Gupta, Lauren Margolin,

Genome Aggregation Database Production Team, Genome Aggregation Database Consortium, Kent D.Taylor,
Henry J. Lin, Stephen S. Rich, Wendy Post,Yii-Der Ida Chen, Jerome I. Rotter, Chad Nusbaum, Anthony Philippakis,
Eric Lander, Stacey Gabriel, Benjamin M. Neale, Sekar Kathiresan, Mark ). Daly, Eric Banks, Daniel G. MacArthur,
Michael E.Talkowski

doi: https://doi.org/10.1101/578674

* |Integrated into existing gnomAD
resources (browser, downloads)

=24 GENOMIC

https://broad.io/gnomad _sv
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CURRENT GNOMAD-SV RELEASE

lllumina WGS to 32X average coverage on 14,891 samples; majority (54%) non-European.

gnomAD-SV
J This study - 14,237
1000 Genomes Project ] 2,504 =AFR
=AMR
Genome of the Netherlands ] 750 =EAS
EUR
GTExX | 147 OTH

Ok 5k 10k15k
Sample Size

= GENOMIC
=3 MEDICINE

Samples, at a glance:
14,891 total samples processed
Aggregated from population genetic

and common & complex disease
association studies

14,237 samples passed all QC

12,653 samples remained after
pruning first-degree relatives

10,847 samples appropriately
consented for data release via
browser

gnomAD-SV | 5



PHENOTYPES IN GNOMAD-SV

Depleted for dominant & early-onset diseases

Sample exclusion criteria for phenotypes:
« Pediatric/early-onset diseases

- First-degree relative of individuals with Mendelian Age of individuals in public VCF release

dominant disease <30 (n=10,847)
14 m

Cohorts with known phenotypes in gnomAD-SV: 512 Age not available
+ Cardiovascular disease (CAD, hypertension) B 10 - S ol riched)
* Adult-onset neuropsychiatric disorders T 8- Median = 51 years old

3 6- M

Q.
We provide the following cohort subsets: 5 4-
 Non-neuro: all known neurological diseases excluded ? 5.
« Controls only: only includes individuals labeled as a 0 -

control in their contributing study 30 40Repor?gd AgeG?YearSZO 80

A list of contributing projects can be found here:
https://gnomad.broadinstitute.org/about

4 GENOMIC gnomAD-SV | 6
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SV DISCOVERY METHODS

GATK-SV is a cloud-based pipeline for large scale SV discovery from WGS

M Module 00: Preprocessing

nomAD SV P

=
|-

é
é@,

ipeline Summary - ——

Sample Preprocessing ) Y bicard Collection !

Variant Clustering ' Qc PE BAF ;
: i : SR RD .

Evidence Collection ﬁ '

- Variant Filtering , : -
; Ploidy Dosage Bias Y
Genotyping ! Estimation Scoring A

Batch Integration

VCF Refinement Y Sample Exclusion | SE [ ‘:
M (QC Failures) Batching A

Annotation = 2

4

' Module 05: Batch

Integration

Cluster Genotyped Cluster Genotyped
RD Variants

PE/SR Variants

Merged Genotyped

PE/SR & RD Variants

% Module 06: VCF Refinement

Collapse
Multiallelic

Variants

'
Resolve i
VEUERS :
Assign
A Genotype A Genotype RD
Genotype

Sex-Aware
Genotype

Integrate PE/SR &
RD Genotypes

\
N

Adjustments

SR Background Assign VCF Module 07: Annotation

Noiseiiiter FILTER"Status Annotate Predicted Annotate Predicted
Coding Effects Noncoding Effects

= GENOMIC

Fit Genotyping X
Parameters M

%Module 01: Clustering

Cluster
cn.MOPS

m Module 02: Evidence Collection

Manta DELLY MELT
Evidence Evidence Evidence
Collection Collection Collection

PETest PETest SRTest
SRTest SRTest
BAFTest BAFTest
RDTest RDTest

cn.MOPS
Evidence
Collection

BAFTest
RDTest

RD
Algorithm

PE/SR
Algorithm
Evidence
Merging

Evidence
Merging

Module 03: Variant Filtering

PE/SR Algorithm RD Algorithm
Random Forest Training Random Forest Training
Random Forest Filtering Random Forest Filtering

:m Sample Exclusion Il
: (Call Count Outliers)

& Operation(s) performed per sample
m Operation(s) performed per batch

Key Features

Maximizes sensitivity\
with multiple orthogonal

\_ algorithms )

Integrates evidence
across four modes

(' Boosts specificity )
with machine learning

 variantfiltering )

" Uniform genotyping,\
variant resolution, and
annotation across all

\_ samples Y,

gnomAD-SV | 7
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OVERVIEW OF GNOMAD-SV CALLSET

Discovered 433k SVs Frequency inversely
in 7 mutational classes [ Most SVs are small & rare J correlated w/ size
gnomAD-SY B 433371 100k 100% - 5 80 +

=DEL 3 | ® ane 5
1000G [l 68818 —pup  § 1IN S 2 o
=MCNV 3 \ A “— 2 it
GoNL [J]] 67.357  =INs g = o 70% L oon ¥
INV A 100 S S
GTEx | 23.602 CPX @ S 60% Dl o
r T --BND (?) 10 1 i V'S Y | \ L% Rare Common g) ° :10 W ° \$° QP
Ok 200k 400k ’ e P, 50% (AF<1%) (AF>1%) ZHEES \/“QQ,@(@’* 7
: 100bp 1kb 10kb 100kb 1Mb 10Mb 1 10 100 1k 10k b Y
SVs Discovered SV Size Allele Count SV Size
(The average genome harbors 7.5k SVS)
AFR AMR EAS EUR OTH Median
7376 7,338 7,132 7692 7,439 34 1.
N | 2,612 INS
328 MCNV (Gain)
723 DUP
220 MCNV (Loss)
3,505 DEL

Samples, split by population




QUALITY ASSESSMENT

- Samples
(3% de novo rate from 970 trios) Approach  Samples  SVs Result
P P Inheritance 2910 8,512 per 3.8% Mendelian
analysis family violation rate
Microarray 1,893 2,524 97.1%
comparison sensitivity
Hardy-Weinberg 12,653 321,140 85.8% in HWE
Equilibrium
: : TR SV vs. SNV 5,353 23,597 R2?=10.85
94% confirmation rate of S & linkage
~20k SVs by PacBio disequilibrium
e PacBio Sample —Linear Fit .. .|| PCR/Sanger 2,076 177  97% validation
/\ /\ | ""I'J & ddPCR rate of de novo
§ 96% o NA12878 cacaaTasaTr  Validation SV predictions
CHM1/13
_§ 945 Weighted o g * Allele frequency 12,653 37,907 R?=0.72
g 4% Mgan comparisons Vvs. &
E ane, | L -~ ® NA19240 1000G Project 2,504
8 92% -
> ® NA19239 Long-read 4 4,829 per 94.0% PPV
@ 90% confirmation sample

0 25 50 75 100 125
PacBio Coverage (X)

= (SRR gnomAD-SV | 9




BREAKPOINT PRECISION

Comparison to published long-read WGS SV calls for two samples also present in gnomAD-SV

(75.6% of breakpoints accurate within J_r10bp)

Q)
o

= DEL & INS = DEL & INS
= =
8 O Left coord. 59.8% of coords. 8 697 O Left coord. 70% of coords.
O 3 =1 . nght COOI’d within i1bp O 5 - . nght COOTd within +1% of SV size
12 75.9% of coords. i, 4 88.6% of coords.
T 27 ! within +10bp = g ; | within +10% of SV size
o) O
). 1 4 Q. 24
7 i
S ! S 17
5 o1 . . | 5 01 : . . . 5
<-30 -20 -10 0 10 20 >30 <-30% —-20% -10% 0% 10% 20% >30%
Breakpoint Precision (bp) vs. PacBio Breakpoint Precision (% of SV Size)
< > < >
SV larger SV larger in SV larger SV larger in
In PacBio gnomAD-SV in PacBio gnomAD-SV

B e gnomAD-SV | 10




COMPARISONS TO THE 1000 GENOMES PROJECT

gnomAD-SV captures
57% of all SVs in 1000G

—
2] o
T I
L R
| |

60% =

Found in gnomAD

1000 Genomes SV
A T’

CENTERS
.GENOMIC
MEDICINE

gnomAD ALL vs.
1000 Genomes ALL

) (

Criteria: I Strict ™ Loose

Allele frequencies are
strongly correlated

—7+100%

- 10%

gnomAD AF

F1%
100%

10%
1000 Genomes AF

1%

) (

1000G captures 14% of
all SVs in gnomAD-SV

gnomAD SV Found
in 1000 Genomes

¥ &
o S S
& o° o°
L | |

100%—

80% =

60% =

1000 Genomes ALL
vs. gnomAD ALL

Criteria: M Strict ™ Loose

See Sudmant et al., Nature, 2015 for description of 1000 Genomes phase 3 SV callset

gnomAD-SV | 11
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ANNOTATED GENE CONSEQUENCES

Loss of Function
(In manuscript: pLOF)

Intragenic Exonic Duplication

(In manuscript: IED)

Whole-Gene Copy Gain

(In manuscript: CG)

Whole-Gene Inversion
(In manuscript: INV)

(In VCF: LOF) (In VCF: DUP_LOF) (In VCF: coPY_GAIN) (In VCF: INV_SPAN)
[\ F=
= HH._'. ~ NOT ASSIgneC Not .\«31’_1.7‘:"11 Not fi".’-‘agé;\;jfﬁée@!
Any overlap with any exon
§ | | || AN EREREEN RN [ S E R RS NSNS
4+ 4+ 4+ Not assigned
Both breakpoints in exons Overlaps at least one exon and Both breakpoints outside gene
of the same gene both breakpoints within gene and duplication spans whole gene
G -' 8 ." B 2 Not assighed Not assigned Not assigned
Inserted into any exon
8§ W ISR SN NN
g Not assigned Not assigned . )

Exactly one breakpoint in gene, or ) ) Both breakpoints outside gene
both breakpoints in same gene and inversion spans whole gene
and inversion spans any exon

|\ XN - | L\ H Y NN | SR SR RN NN ] == H E ST N Sy IS
44— 4 a—-HHe 44—+

Any combination of SV intervals
such that at least one meets
loss of function criteria

4 4

ol 1 '} ' 1 -
< v

-1

Any breakpoint in gene

Any combination of SV intervals
such that at least one meets
internal exon duplication criteria

Any combination of SV intervals
such that at least one meets
duplicated gene criteria

Any combination of SV intervals
such that at least one meets
inverted gene criteria

gnomAD-SV | 12



MEDICALLY RELEVANT BENCHMARKS IN GNOMAD-SV

«DEL =DUP =INS

T INV =CPX
" Genomic disorder CNV ) - N 7 Heteroymous ra
. . —~ L C ot )
carrier frequencies match 1in 200 camen
microarray-based genomes carry
\_ estimates in UK BioBank very rare pLoF
SVs in dominant
a 49 Gmchs?rf_isrl (GD) Loci  UKBB . \disease genesj
I 1% <
Loss & \ Gain g
)| I —— c
®21DELGDs ©28DUP GDs oy |
R2=0.669; P = 7.38x10"
o .
O 0.1% o’ D (3.8% of genomes carry a rare SV =1 Mb)
; o ol 2 150133 —
= ) @ (CHRNAT) omrranoemen:  Rare SVs Samples (%) X 14,;
O 8 3. 16p13.1 chrA CIEDCEIEEID >1Mb SVs Samples 0% = 1% 2% .c)‘,;‘?’ ’ ¥
A 0.05%1 © @ &) 4 19211 — 0.62% ‘0\:%
< O .5 5 16p12.1 OEnciD eletion 56 78/12,653 o I o %ﬂ;‘)
g '~ : 6: 13q12.12 Duplication 120 233/12,653 & ?ﬂ:g
c 0 e (G- w1 ) Inversion 91  99/12,653 Tar
> 0% e o (TAR) — _ ,
0%  005% 01% & 13q12 D Tancaton 9 10/12658 9"
UKBB CNV Freq. (CRYED) CEEDETD  ComplexSV 45  65/12,653 0'53-%

.85:'3'8575 AD-SV | 13
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LIMITATIONS OF GNOMAD-SV CALLSET

1. Reduced sensitivity for small (<300bp) duplications and insertions

2. Large (>200kb) CNVs can sometimes be fragmented

« This seems to be a infrequent occurrence, but can happen at isolated loci

e B

E.g. 16p13.11 recurrent duplication (credit: Alison Bright)

we Wt A R G
NPIPAS BMERB1 MYH11 ABCC1 NOMO3 NPIPA7
H— i fHHHE HH il —HH
AC140504.1 MARF1 FOPNL ABCC6 PKD1P1
HH —H-—
MPV17L NDE?

These two duplication calls appear in the same 20 individuals, and should have been merged

3. Limited coverage of Asian, Latino, and Oceanic populations

e  This will be dramatically improved in next version of gnomAD-SV
«  Same comment for sub-populations provided for gnomAD SNVs & indels

=4 GENOMIC gnomAD-SV | 14
=4 MEDICINE



CONTIGUITY OF KNOWN GENOMIC DISORDER REGIONS

CNV fragmentation & misgenotyping at NAHR-mediated regions is an exception, not the rule

Clear and consistent read-depth support for predicted
CNV carriers at known genomic disorder loci

19211 (TAR) DEL 19211, CTAR) DUP 9241 DEL 19211 DU 212 UEL 15q13.3 (CHRNA7) DUP 16p13.11 DEL 16p12.1 DEL 16p12.1 DUP
v = = 5 = ; L we L RS e o 2 B P o
S+ S o s s P L S-S 8, s 8. €8, -
22 22 ol i firame iy e 22 0 —hn &3 >3 &5 ]
5§ it I L W T 5% 2% 25, 2. W AT ERS
°g! { T =3 8" S 8- S 8- 6 & WWlsmnged | S g
-2 2 -2 2 |
SegDup t BN SegDup H B SegDupiu i o [] BN SegDup i e O =2 -2 -2 - - -2
. . T gy ) SegDup [Ex] P SegDuplii BN SegDuplii N s SegDup [ = [y SegDup
1 SO0KD— | SO0KD | T
o P ; e T : a0 L= = an R PO, GD - GD T GD - GD T GD .
Lo T L e O s 2o L4 AR ST s e P L ottt 317 320 323 326 154 158 162 166 154 158 162 166 216 219 222 225 216 219 222 225
chrk Coond, (MR) it Coond. (M) che Caord, Mb) Gt oo (Mp) Gz Coord. (W) " chri5 Coord. (Mb) chr16 Coord. (Mb) chr16 Coord. (Mb) " ¢hr16 Coord. (Mb) " ¢hr16 Coord. (Mb)
gl LR 23 (NFNP) DEL 2913 (NPHF1) DR 2q13 BEL 2q13 DUP 16p11.2 (Distal) DEL 16p11.2 (Distal) DUP 16p11.2 DEL 17p12 (HNPP) DEL 17p12 (CMT1A) DUP
- 291kb - 45kb w0 . 45kb 40 231kb 4o 231kb Hodriees bl S i
5 — 5 - 5 j— —_— 5 — 86kb 86kb 206kb r 344Kkb 344kb
c 2 2 Li: 3 cl c8 . w2 — w2 — L 2 — v 2 iy » 2 —
o EY € £+ L o SE# Jpsn cd c3 ot £ 2 8, 8, e e
£2 ofy 2 2o 22 ofabe B3 el 25 Lda s E*' Lty s E* s E* 0l ) S
& > > oo 8 > " gz 0 a\,‘-{g},\ Py gz O Ai s e gz 0-Fomint e gz [ Eo— reen ?v’z 0 I Ay
O 8- g -1 O 8- O &1 2z [EESM il 2z ! g2z ¢ I £z I £2
o 4 o 5 O 5 O 5 O 5 08-1 LA btplega i) S0 o 08—1 O 8—1 SR 08—1- ety tcrmasmonnnd 08—1
SegDup M NI SegDup B SegDup N BN SegDup! N [E==T1] SegDup I [t 2 2 2 2 2
GD 1 GD S50k | GD SO0 GD T GD T SegDup BN SegDup M SegDup M =) SegDup. | | MMM | SegDup | | mER
T T T r T T T T T T T T T T T 300 Ty ! _ml‘_ -B'l W _
%67 972 977 1108 1108 1110 1108 1109 1110 113 1117 1121 113 117 1121 e T —— b TR P b : - . 0 - g .
chr2 Coord. (Mb) chr2 Coord. (Mb) chr2 Coord. (Mb) chr2 Coord. (Mb) chr2 Coord. (Mb) ﬁaisszgs g :4%1 29.2 ﬁsisezcsg ’ 161961 202 29'.]51 629(.;8 33,1Mgo4 1tﬁ7 CMAad ;wst;z 'rﬁ7 Cm.sd ll\:t;
2q21.1 DEL 2q21.1 DUP 7q11.23 (WBS) DUP 10q11.21-q11.23 DUP 13912 (CRYL1) DEL chrihGaord. (o) e 19 Coord. (M) chiS Coord: (o) COET 00 () ehiiT Coord. (Mo)
+2 e 4 70kb +24 FEEE 4 70kb +2 TEmet 360kb +2 AT 400kb +24 TR askb L et
i} — £ e ] =— & . & — ool 362kb s e s 362kb
£ 'g +1 £ 'g +14 fv,hs.“'-:fﬁﬂ' 5 'g +1 £ 'g +1 . £ 'g +14 = E 12 - p = 2‘ * 7 AD-SV deleti g
§15 0 §-§ o et 3 ol - §:§ oLk ] §v§ N Do = gu ‘ £ §+1 J* gnomAD- ee.uon'camer' o
8 ] g z ] i 7 22 , ETE—— . 232 o]l e Jt gnomAD-SV duplication carrier i Segmental duplications
58 5841 g4 58 5 B 1 Joirineradumasnl & ‘ 5 , ) )
= 2 s 2 @ 2 s 2 e 2 5 §-1 S §_| — Median of gnomAD-SV non-carriers m Reported GD coordinates
SegDup M BN M SegDup N B SegDup i | I | M SegDupi M UMl SegDup o o | . @ 2 . Middle 50% of gnomAD-SV non-carriers ™ (Owen et al., 2018)
GD A0k ] GD 450k | GD T GDI AR GD 00 SegDup |W i Wil SegDup MmN TR Middle 95% of anomAD-SV non-carriers
131.4 1317 1320 1314 1317 1320 728 734 740 746 489 496 503 510 2098 210 211 GD__WEEmmiw— GD_ EEmmEiiw— ’
chr2 Coord. (Mb) chr2 Coord. (Mb) chr7 Coord. (Mb) chr10 Coord. (Mb) chr13 Coord. (Mb) 349 355 361 367 349 355 381 367
13q12.12 DUP 15q11-q13 (BP3-BP4) DEL 15q11-q13 (BP3-BP4) DUP 15q13.3 DUP 15q13.3 (CHRNA7) DEL chr17 Goord. (Mb) chr17 Coord. (Mb)
5 +21 T s 5 *2 o TR 2 T e 5 +2 T e 5 *2 T 180k
£ 'g +14 TRELLE L o £ ‘g +1 £ 'g +1 g 4 £ 'g +1 Ruromu i £ 'g +1
Y] I 1 o] ] ey o, &5 ; ] {
C Z () fhmamii dpemeiiemeiy € Z 0 B - E Z 4 Mifimnongeininalouisiition® € Z  O4uhs e C 2 () papeuny
8 £ £ : £ £
58 58 58 58 5 I
S S S S 3]
SegD_uzp g I SegD-uzpv-' P Segc?uzp- — Segﬁuzp— - SegD_uZp =N CoE—
GD — O - GD ] - GD 7 — GD Y - GD 00—
231 237 243 249 287 203 209 305 287 203 299 305 306 312 318 324 317 320 323 326
chr15 Coord. (Mb) chr15 Coord. (Mb) chr15 Coord. (Mb) chr15 Coord. (Mb)

¢hr13 Coord. (Mb)
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How TO BROWSE GNOMAD-SV

gnomAD browser gnomAD v2.1.1 ~  Search About Downloads Terms Publications Contact Jobs FAQ

1. Navigate to https://gnomad.broadinstitute.org ————

gnomAD
NTVYY

genome aggregation database

gnomAD v2.1.1 ~ Search by gene, region, or variant

Please note that gnomAD v2.1.1 and v3 contain largely non-overlapping samples and both datasets

|
2 S e a rC h fo r O u r e n e O r | O C u S Of I n te re St must be used to capture the full set of variation across gnomAD. For more information, see the FAQ
n “Should | switch to the latest version of gnomAD?"

Examples - Gene: PCSKS, Variant: 1-55516888-G-GA

gnomAD browser gnomAD v2.1.1 ¥ BRCA1 About Downloads Terms Publications Contact Jobs
~92 genomes aligned on GRCh38.
BRCA1 BRCA1 DNA repair associated Dataset | gnomADv2.1.1 ~ gnomADSVsv21 ~ |@
Genome build GRCh37/hg19 Constraint )

Ensembl gene ID ENSG00000012048

|
3. Activate the SV dataset comtmsnty aiTOmY
" Region 17:41196313-41277501

References Ensembl, UCSC Browser, and more Synonymous 341 3291 e 0 %1

Missense  941.3 891 @ o 084
o/e=0.95(0.9-1)
About Downloads Terms Publications Contact Jobs FAQ pLI=0
pLoF 75.2 55 09 1
ofe =0.73 0.59-(0.92)
[0 exome [] genome Metric:1 Mean '1 | save plot

igned on GRCh38.

100—
90—
80—
70 —
60—
50—
40 —
s [T 11ttt Y 1rri1r 11
- IR

| 1 | 1 i ‘

i | | W[

Dataset \ gnomAD v2.1.1 ~ gnomAD SVsv2.1 ~ \9

Coverage

D el i A 7
q 111 11
I ;,‘L.‘!,; 71 ] | o ‘J!L!! | !

Include: CDS mm UTR Non-coding transcript

&l CENTER:

= RSAEETEJ)%/I’\IJCEZ gnomAD-SV | 16




LOCUS/GENE VIEW

Toggle color code (consequence vs. SV class)

Variants displayed in genomic coordinate space

Color variants by‘ Consequence Class |

—_—
==
=—=9
[
=
- -
|
E
Help text =%
popups by
. q I
clicking on |
1
I6.94‘: 669 6,95?.291 69 7?.9‘! 3 6‘99?.535 701 'Z‘, 57 7,02?.] 79 7.042.400 7,06:::.022 7.08?.544 7,10?.266 7217, .889l
Consequences @

Show low-quality variants Search

|68 pLoF only I Int. exon duplication only | Copy gain only Other only | Filter options

Include filtered variants Search variant table

Classes @
(@ oeL ony [@ oup ony [@ MoV ony [@ INs ony [ IV only CPX only OTH only |
Click 10 [ export variants to s | Click on column header to sort table by those values Table of SVs with (some) metadata
download
table Variant ID Source  Consequence Class Position Size v Allele Count Allele Number Allele Frequency H:;sze s of
ygotes

DEL_18_163883 loss of function @ deletion 6839499 - 8715000 1.88 Mb 1 21642 4.6e-5 0
DUP_18_45227 copy gain @ duplication 6935549 - 8087897 1.15Mb 2 21694 9.2e-5 0
DUP_18_45233 partial duplication @ duplication 7078339 - 7578544 500 kb 6 21692 2.77e-4 0
DEL_18_163886 utr @ deletion 6909700 - 6942000 32.3kb 1 21556 4.6e-5 0
DEL_18_163903 intronic @ deletion 7104000 -7113000 9.00 kb 6 21000 2.86e-4 0
DUP_18_45232 int. exon duplication @ duplication 7043872 - 7052442 8.57 kb 1 20614 4.9e-5 0
DEL_18_163898 intronic @ deletion 7072000 - 7077000 5.00 kb 1 19736 5.1e-5 0
DUP_18_45234 int. exon duplication @ duplication 7079000 - 7084000 5.00 kb 1 21624 4.6e-5 0
DEL_18_163904 intronic @ deletion 7105256 - 7109965 4.71 kb 2 21694 9.2e-5 0
DEL_18_163894 loss of function @ deletion 6947438 - 6949241 1.80 kb 1 21694 4.6e-5 0
INS_18_104832 intronic insertion 7068787 1.24 kb 1 21694 4.6e-5 0
CPX_18_4762 loss of function © complex 6964469 - 6965587 1.12kb 1 21694 4.6e-5 0

Click on a variant ID to be taken to variant view (next slide)

kol CENTER:S
=3 GENOMIC
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VARIANT VIEW

Structural variant: DUP_1_3816

Filter m

Allele Count 3679
Allele Number 21424

. Allele Frequency 0.1717 :
Variant metadata sty asea’ 698 Link back to locus
listed here Position 1:248620000 view

Size 27,000 bp
Class duplication @
Evidence Normalized B-allele frequency, Read depth
Algorithms Depth

Consequences Help text
This variant has consequences in 1 gene. popups by
« OR2T3

All annotated gene
consequences will be
listed here

Population Frequencies

Population Allele Count Allele Number Number of Homozygotes Allele Frequencyr

» African 2249 9408 75 0.2391
» East Asian 348 2416 10 0.1440
Click each population to EOhar @b 190 g 1ado
Stratify by ma|e/fema|e » European 867 7588 6 0.1143
» Latino 190 1822 3 0.1043
Male 1913 10906 bS 0.1754
Female 1762 10474 39 0.1682
Total 3679 21424 94 0.1717

References
o UCSC

Report

e Report this variant
e Request additional information

Genotype Quality Metrics

10.0K—
9.00K—
8.00K
7.00K—
6.00K —
5.00K—
4.00K —
3.00K
2.00K—
1.00K 4

0 e

All individuals

Dataset | gnomADSVsv21 ~ |®| Toggle for “controls only” and
“‘non-neuro” subsets

Links for more information and/or reporting issues

<
O 4 % ,-\b

L o | 2 o L 97 S o7 AV
AR R R\ S B\ S M ™ RS- B VAN - A\ R

D A0 A D D D B D B D P AR DD PP PP
: & 055 's"‘ ‘31\ \\‘5\ “\

Genotype Quality

All  Variant Carriers \

Age Distribution

Individuals

Heterozygous Variant Carriers ~

CENTERS
GENOMIC
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How TO DOWNLOAD GNOMAD-SV

https://gnomad.broadinstitute.org/downloads

gnomAD browser gnomAD v2.1.1 v Search About Downloads Terms Publications Contact Jobs FAQ

gnomAD v3 released! 71,702 genomes aligned on GRCh38.

Downloads

gnomAD is available for download in Hail Table (.ht) and VCF formats.
Files can be browsed and downloaded in parallel using gsutil. After installing gsutil, start browsing with gsutil 1ls gs://gnomad-public/release.

To work efficiently with gnomAD, we recommend using Hail and our Hail utilities for gnomAD.

‘ gnomAD v2 gnomAD v2 liftover gnomADv3  EXAC

Update, March 6, 2019: gnomAD 2.1.1 released (README.txt)

Summary e SV 2.1 sites VCF (.tbi)
e SV 2.1 sites BED (.tbi)

e Variants

e Coverage

e SV 2.1 (controls) sites BED (.tbi)
e SV 2.1 (non-neuro) sites VCF (.tbi)
(

» Proportion expressed across transcripts (pext) e SV 2.1 (non-neuro) sites BED (.tbi)

e Structuralvariants «ll® = i o o o o o mm mm mm omm mm omm o
e Resources

e Constraint

|
|
|
|
|
1 * SV 2.1 (controls) sites VCF (.tbi)
|
|
e Multi-nucleotide variants (MNVs) I
|
|
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RECOMMENDATIONS FOR FILTERING

C Quality scores track with benchmarking metrics )
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GNOMAD-SV FAQS

* Is there an hg38 version of gnomAD-SV?
* The next version of gnomAD-SV will be native to hg38 (expected release: end of 2020)
« For now, NCBI dbVar maintains an hg38-liftover version (accession nstd166)

* Is individual-level genetic data available for gnomAD-SV?
« Unfortunately, no. Given the broad variety of studies contributing data to gnomAD, we are
unable to release anything beyond site-frequency data

* |Is phenotype data available for gnomAD-SV?
« Other than age and inferred sex, no (same reasons as for individual-level genetic data)

* Is GATK-SV publicly available?
* Yes, but the current implementation is undocumented and restricted to Google Cloud
« Broad Data Sciences Platform will be releasing a fully documented & production-quality
version of GATK-SV soon (mid-2020)

Will you be releasing constraint scores for SVs?
« Eventually. This is a major research focus for us, but current sample sizes are inadequate
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CONSTRAINT & SVs




TWO DEFINITIONS OF CONSTRAINT
( Mutational constraint )  LoFsNvs £ #F gﬁff i;
GENE A

Genes depleted for 7 I ,
LoF SNVs in gnomAD A — | =
7 cene s il SO s TRATNE D Jlin o

Karczewski Samocha

pLlI Observed/Expected

« Probability of LoF intolerance « ofe: ratio of observed LoFs vs. expected LoFs

* ~Binary yes/no classification  LOEUF: upper bound of 90% confidence

. L interval for o/e (more conservative)
 Does: indicate whether a gene is significantly

LoF constrained  Does: measure strength of constraint per gene

 Does not. measure strength of constraint per Does not: indicate whether a gene is
gene significantly constrained

 Example: longer genes will have higher pLI Example: MEF2C, a known autosomal
scores than smaller genes, but this is a dominant disease gene, has pLI/=0.02 but
statistical property, not a biological one 0/e=0.32 (clearly depleted for LoFs, but not
significantly so given small gene size)
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INTERPRETING SVS THAT ALTER GENES
LoF SNVs £ £F 174

Genes depleted for I
LoF SNVs in gnomAD A —
° cene sl CONSTRAINED Jim

C Mutational constraint )

Kaitlin
Samocha

Konrad
KarczewskKi

(Constrained genes don't tolerate deletions... or duplications)

Loss-of-function Whole-Gene Duplication Internal Exon Duplication

~150%{5=090 .. . 2| 159%{;=078 —#] 150%{,-058 .
> & . :
O 1 100%; ¢ | 100% 100%:
QO ~
© 0 %/ O/ O/
g 8 50% 50%| g i PP <~ D
T 0% 0%L "~ P<107®]  gols®  ° P=2.00x1D""

C Including noncoding SVs (see gnomAD-SV preprint for details) )

o™ 20™ 40" 0™ 80™100™

'o“‘ 20" 40" 60™ 80™100™

o™ 20™ 40™ 60" 80M100™

Genes (binned by constraint percentile)

CConstraint marks a general intolerance to all SVs)

gnomAD-SV | 24




Il CENTERS

= e Acknowledgements

PREPRINT ON BIORXIV

https://broad.io/gnomad_sv

Harrison Brand Michael TalkowskKi Danlel MacArthur

New Results

An open resource of structural variation for medical and population
genetics

Ryan L. Collins, Harrison Brand, Konrad |. Karczewski, Xuefang Zhao, Jessica Alfoldi, Amit V. Khera,

Laurent C. Francioli, Laura D. Gauthier, Harold Wang, Nicholas A. Watts, Matthew Solomonson

Anne O'Donnell-Luria, Alexander Baumann, Ruchi Munshi, Chelsea Lowther, Mark Walker,

Christopher Whelan, Yongqing Huang, Ted Brookings, Ted Sharpe, Matthew R. Stone, Elise Valkanas, Jack Fu,

Grace Tiao, Kristen M. Laricchia, Christine Stevens, Namrata Gupta, Lauren Margolin,

The Genome Aggregation Database (gnomAD) Production Team, The gnomAD Consortium, John A. Spertus.
Kent D. Taylor, Henry J. Lin, Stephen S. Rich, Wen dyP t, Yii-Der Ida Chen JomcIR otter, Chad Nu bum
Anthony Philippakis, Eric Lander, Stacey Gabriel, Benjamin M. Neale, Sekar Kathir: J. Daly, Eric Banks,

Daniel G. MacArthur, Michael E. Talkowski
doi: https://doi.org/10.1101/578674

eprint and has not been certified by pe b l O RX lV

THE PREPRINT SERVER FOR BIOLOGY

is article is a pr

Broad-SV Talkowski Lab gnomAD

Laura Gauthier Xuefang Zhao Jessica Alfoldi
Chris Whelan Harold Wang Konrad Karczewski
Mark Walker Chelsea Lowther Laurent Franciol

Ted Brookings Jack Fu Eric Banks RESEARCH IN|
Ted Sharpe Elise Valkanas Mark Daly
Steve Huang Matt Stone Ben Neale {’ BROAD

Samuel Lee _ Sekar Kathiresan N URTRE
Andrey Smirnov Contact info: Nick Watts = 85'&'55?&
Valentin Ruano-Rubio (:) rlcollins@g.harvard.edu Matt Solomonson =, MEDICINE
Alex Baumann @ ryanlcollins.com Amit Khera 8 50 58

HARVARD

MEDICAL SCHOOL

Ruchi Munshi Namrata Gupta ¢

’ @ryanicollins13



