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Every genome contains many rare, potentially functional variants

o ~2 million high quality variants in a variant call file (vcf)
o ~20,000 variants within coding (exome) regions
o ~500 rare missense variants (1/3 of which are predicted

In Mendelian disease analysis, how can we
identify the pathogenic genetic variant(s) in

the sea of benign variation?
- OU TEPOTTEQ arsease-Causing mutations (7)
1-2 de novo coding mutations

O O O O O

Unknown number of sequencing errors



The power of 7.7 billion people

Given known mutation rates, it is almost certain that
every possible single base change compatible with
life exists in a living human



Variant aggregation at Broad

Exome Aggregation Genome Aggregation Genome Aggregation
Consortium (ExAC) - v1 Database (gnomAD) — v2 Database (gnomAD) —v3
60,076 exomes 125,748 exomes + 15,708 genomes 71,702 genomes
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* Aided in the diagnosis of over 200,000 patients with rare disease Matt Solomonson



Who's in the gnomAD database?

Case-control studies of complex adult-onset diseases (e.g. type 2 diabetes, heart
attack, migraine, bipolar)

Depleted as much as possible of people known to have severe pediatric disease, and
their first-degree relatives

55% Male, Mean age 54 years

130,000 gnomAD (v2)
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Data processed through same pipeline and called jointly
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gnomAD browser Search by gene, region, or variant About Downloads Terms Contact Jobs FAQ

This is a new version of the gnomAD browser. The old version is available at http://gnomad-old.broadinstitute.org

g gnomAD v3 — GRCh38
‘ . genomes only (for now)

genome aggregation database

gnomAD v2 — GRCh37
exomes and genomes

Search by gene, region, or variant - ’

Examples - Gene: PCSK9, Variant: 1-55516888-G-GA

The Genome Aggregation Database (gnomAD) is a resource developed by an international coalition
of investigators, with the goal of aggregating and harmonizing both exome and genome sequencing
data from a wide variety of large-scale sequencing projects, and making summary data available for
the wider scientific community.

http://gnomad.broadinstitute.org

MPG Primers on using gnomAD

https://www.youtube.com/watch?v=J29 Pf8Tils
https://www.youtube.com/watch?v=Bh8AKkI|-DhY



http://gnomad.broadinstitute.org/
https://www.youtube.com/watch?v=J29_Pf8Ti1s
https://www.youtube.com/watch?v=Bh8AKkI-DhY

NSD1 nuclear receptor binding SET domain protein 1 Dataset [ gnomAD 211 « gnomaD SVsv2i « |@

Genome build GRCh37 [ hg19 Constraint ¢
Ensembl gene ID ENSGO0000165671.14
Ensembl canonical transcript @ ENSTO0000439151.2 Category .5MVs Obs. SNVs Constraint metrics
i Z=008
Other transcripts ENST00000347982.4, ENSTO0000S02056.1, and 13 more Synanymous 5253 o 0.08 . .
Region 5:176560026-176727216 ofe = ] (083 - LAT)
References Ensembl, UCSC Browser, and more 7= -
Mizsenze 14277 1065 0% 4
ofe = 0.75 (0.71 - 0.79)
pLi=1
LaF 10, 5
g e ofe = 0,05 noz - [l °*—

8 e B pmane e[

Per-base

af coverage

Include: Coding regions (CDS) @l [ Untranslated regions [UTRs) == [] Non-coding transcripts ——

Ol | I I I I I EE I I I E T DN EE I
'f:ﬁ'ﬂ';l_I-__l-lIIII----I-III-_:Q

ClinVar variants

. Pathogenic / likely pathogenic  only |E Uncertain significance [/ conflicting  anky . Benign [ likely benign  anly IE Other oy | @

ClinVar variants
[&12)

gnomAD v2.11
variants (2448}

Wiewing in table *

17,562,030 17,563,506 176,637,018 176,638,195 17E,BSE,ED1 176,671,211 176,664 096 176,700,664 176,715,762 178,721,350 176,722,532

B ploF  only Missense  aonly . Synonymous  anly . Other  only ] E,J;Dnmnm““ ﬁ:;glss O Filtered variants @ Search variant table
Expaort variants to G5V

m Only variants located in or within 75 base pairs of a coding exen are shown here. To see variants in UTRs or introns, use the region view.

The table below shows the HGVS consequence and VEP annotation for each variant’s most severe consequence across all transcripts in this gene. Cases where the most severe consequence occurs in a non-canonical transcript are denoted with . To
Se@ cOnseguences in a spacific transcript, use the transcript view.

Variant 1D « Source  HGVS Conseguence VEP Annotation i Significance Flags it
5-176562031-AGAGTC-A E c.-17-51_-17-47del GAGTC ® intron 4
5-176562058-C-A ﬂ c.-17-30C>A & intron 4
5-176562062-T-G c.-17-26T=G & intron 250160 B.00e-8 4
EATEEEINEE_ AT = AT A B irntran SENAGD 4 iak i




Single nucleotide variant: 5-176562864-C-T (GRCh37)

Exomes Genomes Total

Dataset [ gnomAD vZ 1.1 = ]0

References

Filter
m m « dbSHP (rs149334244)
Allele Count 88 38 126 « UCSC
Allele Number 249800 31406 281206 » ClinVar (153441)
Allele Frequency 0.0003523 0.001210 0.0004481
Popmax Filtering AF @ Report
(95% confidence) 2004016 0.003068
Mumber of homozygotes 0 0 0 + Report this variant

This variant is multiallelic. Other alt alleles are:

s 5-176562864-C-G

Annotations

This variant falls on 8 transcripts in 1 gene.

intron

« NSD1
= EMNSTODO0O0347982
= EWNSTOOD000354179
+« ENSTOD000508896
» and 2 more

missense
« NSD1
« ENSTOOD0DO0439151 *
HGWSp: p.Leu254Phe
Palyphen: © possibly_damaging
SIFT: @
tolerated_low_confidence
« ENSTOO0000361032
HGWSp: p.Leu254Phe
Polyphen: © possibly_damaging
SIFT: @
tolerated_low_confidence

Population Frequencies g

Population :lul:ll'l.t

v African 115 0
+ Other 7168 0
v Lating 7 35024 0
) r__l‘:.rr‘fg:?“ (non- 4 128728 0O
¢ Ashkenazi Jewish 0 10264 0
+ East Asian 0 15910 0
+ Eurgpean (Finnish) 0 25070 0
+ South Asian 0 30154 1]
Female T2 128682 0
Male 54 152524 0
Total 126 281206 1]

+ Request additional informaticn

non coding transcript exon
« NSD1
= ENST00000602285

IGV no1e E 5:176,562,824-176,5628 @, O 810p (Cowmieuse )(_ceerine ) (T & — O
( D

176,562 830 bp 176,562,840 bp 176,562 850 bp 176,562,860 bp 178,562,870 bp 176,562,850 bp 176,562,890 bp 176,562,800 bp.

AAGAAATOAAGTOGACGOCAGCAATGAAAAAGCAGGCOTTCTGCCAGGGCGGTTTTGAGTAGAAGAGAGAAAGATTAGAAT ¢
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Population Frequencies ¢

PR Einn 22::; Ht:'lr"ll::r Homozygotes Fr:::::::cy T
v African 115 24888 0 0.004621
» Other 3 7168 0 0.0004185
¢ Latino 7 35024 0 0.00071999
Overall 1 128728 0 0.000007768
Other non bean 32084 0 0.00003032
Bulgarian 0 2666 0 0.000
Estonian 0 4836 0 0.000
- Euopean, | Nortuestem o sosss o 0.000
ES:‘;;:::‘ 0 11578 0 0.000
Swedish 0 26076 0 0.000
Male 1 72028 0 0.00001388
Femnale 0 56700 0 0.000
Ashkenazi Jewish 0 10264 0 0.000
Overall 0 19910 0 0.000
Japanese 0 150 0 0.000
Korean 0 3818 0 0.000
- East Asian
Other East Asian 0 14382 0 0.000
Female 0 93840 0 0.000
Male 0 10070 0 0.000
European (Finnish) 0 25070 0 0.000
South Asian 0 30154 0 0.000
emale 72 128682 0 0.0005595
dale 54 152524 0 0.0003540
otal 126 281206 O 0.0004481



Additional features in gnomAD v3 (GRCh38)

In silico predictors

@® REVEL: 0.325

@ CADD: 21.9

@ SpliceAl: 0.00 (No consequence)
Q@ PrimateAl: 0.517

Released last week (also in gnomAD v2)
ClinVar

ClinVar Variation ID 96079

Conditions not specified, Beckwith-Wiedemann syndrome, History of neurodevelopmental disorder
Clinical significance Benign

Review status criteria provided, multiple submitters, no conflicts (2 stars)

Last evaluated 2019-12-31

See all 5 submissions or find more information on the ClinVar website.

Population Frequencies @

| gnomAD | HGDP 1KG
. Allele Allele Number of Allele
Population Count Number Homozygotes Frequency
+ South Asian 262 4832 12 0.05422
+ Other 52 2092 0 0.02486
African/African-
[ —— 1027 41440 14 0.02478
European (non-
Finnish) 1573 68026 21 0.02312
» Middle Eastern 7 316 0 002215
Latino/Admixed
American 326 15280 3 0.02132
+ East Asian 89 5206 3 001710
+ European (Finnish) 124 10610 o0 00169
¢+ Amish 10 912 0 0.01096
¢+ Ashkenazi Jewish 14 3470 0 0.004035
XX 1796 77830 26 0.02308
XY 1688 74364 27 0.02270
Total 3484 152194 53 0.02289



Additional features in gnomAD v3 (GRCh38)

gnomAD | HGDP | 1KG

Populaticn gtl::::ﬁ Hﬁlll;elir H:;?:yegruc::s Fr;‘:::..IEEI"IE‘IC'jF
TwoO open access datasets ' E:ir:;aIEDUth 2o 332 1 007530
Human Genome Diversity |:|‘~fri:r=ﬂr1 6 96 0 0.06250
PrOjeCt (HGDP) » Middle Eastern 10 308 0 0.03247
» East Asian 14 456 0 0.03070
1000Gen0meS (1KG) » European 5 298 0 0.01678
» Mative American 0 70 0 0.000
KK 16 b68 0 0.02817
Y 44 992 1 0.04435
Total 60 1560 1 0.03846

Because of low sample sizes for HGDP populations, allele frequencies may
not be representative.



Additional features in gnomAD v3 (GRCh38)

gnomAD | HGDP | 1KG

i Mo e e e
» Central/South Asian 25 332 1 0.07530
overall 6 96 0 0.06250
Two open access datasets Bantu (Kenya) 3 14 0 02143
Human Genome Diversity Vandenia 2@ 0 oode
] - Atrican Yoruba 1 38 0 0.02632
Project (HGDP) Bantu (South )  oons
Africa)
XX 2 32 0 0.06250
1000Genomes (1KG) X ¢ 0 006250
» Middle Eastern 10 308 0 0.03247
» East Asian 14 456 0 0.03070
» European 5 298 0 0.01678
» Native American 0 70 0 0.000
XX 16 568 0 0.02817
XY a4 992 1 004435
Total 60 1560 1 0.03846

Because of low sample sizes for HGDP populations, allele frequencies may

not be representative.



Constraint

* Where to we see depletion of variation across human populations?

Exons I I [ I [ I [ I

gnomAD Missense

Conservation is between species
Constraint is within the human species



Developed a mutational model to calculate expected
number of variants per gene

Category

Missense 1427.7 1065

pLoF 110.6 5 A

------- Konrad Karczewski

Daniel MacArthur

Mark Daly
(Samocha et al. 2014; Lek et al. 2016)



Constraint metrics

Category Exp. SNVs Obs. SNVs Constraint metrics
Z=0.08

Synonymous 525.3 °23 T

"""" o/e=1(0.93-1.07)

Z=|3.41

Missense 1427.7 1065 -
o/e=0.75(0.71-0.79)
pLI=],

LoF 110.6 5
R o/e = 0.05 (0.02- (Bl — LOEVF

 Used z-scores to assess depletion from expectation
 For plLoF variants, correlation with gene length (short genes under powered)



Constraint metrics

pLl = Probability of loss function intolerance
Dichotomous metric (>0.9 LoF constrained)

S 0.9
“» o E
v
C 8. |
Q =
STU i
Y i
O g
# © |

0.0 0.2 0.4 0.6 0.8
plLl

Samocha et al. 2014; Lek et al. 2016

1.0

Category Exp. SNVs Obs. SNVs Constraint metrics

s 5253 523 2=0.08
nonymous 5
YROMYMOTS 2eas o/e=1(093-1.97)
z-(3m
Missense 1427.7 1065 -
o/e=0.75(0.71-0.79)
=L LOEUF
LoF 110.6 5
e o/e=0,05 0.02- (B ) —

LOEUF = Loss-of-function observed/expected upper bound fraction
Continuous metric (lower scores more LoF constrained)
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Karczewski et al., Nature, 2020



Resolving the spectrum of LoF intolerance

* Binning this spectrum into deciles

More depleted More tolerant

More constrained - Less constrained

Haploinsufficient

.
o
X

Percent of gene list
N
o
X

0% A

0%  20%  40%  60%  80%  100%
LOEUF decile



Resolving the spectrum of LoF intolerance

* Known haploinsufficient genes where loss of one copy results in disease

Haploinsufficient

.
o
X

Percent of gene list
N
o
X

0% - I I l [] [] — - — —

0% 20% 40% 60%  80%  100%
LOEUF decile ClinGen gene dosage map




Resolving the spectrum of LoF intolerance

* Autosomal recessive genes are centered around 60% of expected

.
o
X

Percent of gene list
N
o
X

0% A

Haploinsufficient

I I B B e _ . _ _ Gene list from:

0%

20%

40% 60%  80%  100% Blekhman et al., 2008
LOEUF decile Berg et al., 2013



Resolving the spectrum of LoF intolerance

* Some genes, e.g. olfactory receptors, are unconstrained

Haploinsufficient

.
o
X

Percent of gene list
N
o
X

0% - I I l [] [] 1 [ 1 —

0% 20% 40% 60%  80%  100%
LOEUF decile




Important notes on constraint

* Primarily for dominant disease genes; do not expect to see strong
constraint signal (depletion of pLoF variation) for recessive disease genes

* Not necessarily a sign of a strong phenotype — can see evidence of
constraint from mild degrees of negative selection

 Selection occurs through reproduction so deleterious effect must be
before/during reproductive years
* Example: BRCA1 does not show evidence of loss of function constraint

Category Exp. SNVs Ohs. SNVs Constraint metrics

Z=03]
BRCA1 Synonymous 221 3 ofe= 096 (088-108) °
AUtOSOmal d0m|na nt Missense 941.3 291 Z=058 0 & 1

Breast and ovarian cancer

pLI =0
pLoF 75.2 55

""" ole = Q23 022 -(082) °—



Dataset | EXAC v1.0 = gnomAD SVsv2.1 - |@

NSD1 nuclear receptor binding SET domain protein 1

Regional missense constraint (Samocha et al.) e
Category Exp. SNVs Obs. SNVs Constraint metric

https://www.biorxiv.org/content/early/2017/06/12/148353 : e

Missense 833.7 693

pLoF 74.8 4

B exome [I] genome Metrl'c:l Mean - ] [ Save plot ]

Per-base
mean depth
of coverage

Include:

9_III_II-IIIII-II-I-III-_
1
r“"*’"GJ_I_I-__I-IIIII--I-I-III-_[E.

pext
| 0.58 | 0.25 [0.04] 1.03 ]

Coding regions (CDS) N [C] Untranslated regions (UTRS) == O MNon-coding transcripts

Regional
missense 9 |

constraint
ClinVar variants

[@ Pathogenic / likely pathogenic  only Uncertain significance { conflicting only | [ Benign [ likely benign enly Other only @

117

*

~ *
3
ClinVar variants H i -
* * * & *
W * i * * * * * * - *
(312] * * * * * = k.3 * * * * *
* - * - * & * * * * W * - e * ke * *
* * * * * * * * * * * * & * * * * W * * * *r * * * *
- * * * & - * W * * * * * k.3 3 * * * * *® * * - * *
T Fod L EE A AL M . AR x, 2 MY FE OFE A4 3 hER PO S "
L = * * * ok ek kEkE hkE £ * & * * * * * * * * e & * * * * o ok * * & * e *x * * * L3 *
. B S x M M b, e o AR FA% i 2% 2 OBAOAAF Wi AER 2 FEAN OFF FF OF, HEX SR A F oA M E.
H o WF A tF & AL LT R et 3 g U L FEAF XE FE Ax A dwx bEd s Rk pk ppbe  f A hdba bR ER 2 dERE A 4L A3 In s
. x [ S £, o REY B A B FuEEE RE FY OB R ORR HB A ik EEw g wRbe h b Ak ERER RR AR A 3
2 r. AF S EF I PR R ARIIEIN, (EE AR P SR Ar kiRt FF 3y R O, FL NA O FRR VBN PR A ST NP &b f SRE O RipeedL A, o, BRY
AD variants

Evarulfvariante oo . oh- B acce Ras . m—-_nmmm_h‘&hﬂn_ﬂmuﬂ U Y T T O Y T _LLLM_AJ‘_‘A,‘Q-- B o odhe B Mm_ﬂﬂ.ﬂnﬁl_‘h_



Dataset | EXAC v1.0 = gnomAD SVsv2.1 - |@

NSD1 nuclear receptor binding SET domain protein 1

Constraint ¢

Genome build GRCh37 / hg19 o
Category Exp. SNVs Obs. SNVs Constraint metric
E“EH‘MhI gﬂ“‘ﬂ ID ENSGDGU{][}1EEE?114 Synonymous 323.8 345

Ensembl canonical transcript @ ENST00000439151.2 Missense B 093
pLoF 74.8 4
Other transcripts ENST00000347982.4, ENST0O0000503056.1, and 13 more [ ’ |
[ exome [I] genome Metric:| Mean - Save plot

Region 5:176560026-176727216
References Ensembl, UCSC Browser, |and more
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Dataset | EXAC v1.0 = gnomAD SVsv2.1 = |9

NSD1 nuclear receptor binding SET domain protein 1

. References for NSD1 x
Genome build GRCh37 / hg19

Ensembl gene ID ENSG00000165671.14
Ensembl canonical transcript @ ENST000004391Y « Ensembl
Other transcripts ENST00000347982.4, ENSTOO * UCSC Browser
Region 5:176560026-176727216 * (GeneCards

References Ensembl, UCSC Browser, and more * OMIM
» DECIPHER

* ClinGen
* Gene Curation Coalition (GenCC)
» HGNC
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DECIPHER Protein View: NSD1

NSD1: Q96L73 2696aa

https://decipher.sanger.ac.uk/gene/NSD1/overview/protein-info
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Expression data from GTEx in gnomAD

NSD1 nuclear receptor binding SET domain protein 1

Genome build
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Ensembl, UCSC Browser, and more

Dataset | gnomADV21.1 + gnomAD SVsv2.1 ~ |@

Constraint ¢

Category Exp. SNVs Obs. SNVs Constraint metrics

Synonymous 525.3 523 o_fe:_‘;__-(p_._g_;'_ -1.07) 0 94
Missense 14277 1065 z-(341) 0% 1
pLoF 106 5
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Showing only Pathogenic pLoF variants
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&) GTEXPortal

A Home HBlDatasets~ X Expression~ ¢ QTLs & Browsers~

Ml dedssds B M2 20202

Resource Overview

Current Release (V8)

Tissue & Sample Statistics

Tissue Sampling Info (Anatomogram)
Access & Download Data

Release History

How to cite GTEx?

The Genotype-Tissue Expression (GTEx) project is
an ongoing effort to build a comprehensive public
resource to study tissue-specific gene expression
and regulation. Samples were collected from 54
non-diseased tissue sites across nearly 1000
individuals, primarily for molecular assays
including WGS, WES, and RNA-Seq. Remaining
samples are available from the GTEx Biobank.
The GTEx Portal provides open access to data
including gene expression, QTLs, and histology
images.

V7 Release

Total

Y Sample Data~ B Documentation ~

@ About GTEx Publications W Access Biospecimens (@ FAQs & Contact

Q,NSD1 Signh

2018-05-10
Access GTEx Biospecimens Here

cart for streamlined sample requests:

‘

Explore GTEx

~
Browse @ By gene ID
AT
| | By variant orrs ID
-H\\
\ By Tissue
-H\\
_|2 | Histology Image Viewer
Expression BB | Multi-Gene Query

“*z0 Top 50 Expressed Genes

e

Transcript Browser

# Tissues # Donaors

23 714

GTEx Consortium et al., Nature, 2017

Browse and search all data by gene

Browse and search all data by variant

Browse and search all data by tissue

Browse and search GTEx histology images

80-89: 0.0 %
F0-79: 2.9 %

Browse and search expression by gene and ti

60-69: 32.1%

Visualize the top 50 expressed genes in each

Visualize transcript expression and isoform st

# Samples

11688

Gene expression
Transcript expression
eQTLs

Age

20-29: 7.7 &%

| 30-39: 7.3 %

40-49: 16.5 %

50-59: 335 %

https://www.gtexportal.org/home/
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Example gene expression across tissues: NSDI
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Example gene expression across tissues: NSDI
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Transcript aware expression analysis - pext score
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Cummings et al., Nature, 2020



Exploring subsets

gnomADv2.11 ~ ]9

H H H nomAD v2.1.1
Single nucleotide variant: 5-176631141-C-T (| 9570
gnomAD v2.1.1 (non-TOPMed)
Exomes Genomes Total 135,743 samples
Filter Pass [ No variant | gnomAD v2.1.1 (non-cancer)
134,187 |
Allele Count 1 1 16/ Sampies
Allele Number 251484 251484 e TR (e ie)
114,704 samples
Allele F 0.000003976 0.000003976
? © _requencv gnomAD v2.1.1 (controls)
Popmax Filtering AF @ . 60,146 samples
(95% confidence) EXAC v1.0
XAC v1.
Number of homozygotes 0 0 60,706 samples
. Population Frequencies e
missense
° N SD1 FUPUIaﬁnn gﬂs:ﬁ Hl?.lll!l"IE;EEr H:;?zhye;niiﬁ Fl':ql:felﬁﬁy T
+ African 1 16256 0 0.00008152
e ENSTOO000439151.2 b Latino 0 34590 0 0.000
Ensembl canonical transcript for | "= 0 1000 200
+ East Asian (B] 18394 (B] 0.000
HGVSD: p'ArQEGZTrp ¢ European (Finnish) 0 21648 0 0.000



Exploring subsets

gnomAD browser gnomAD v2.1.1 ~ Search

gnomAD v3.1 released!

Single nucleotide variant: 5-176631141-C-T (GRCh37) Dataset | gnomAD v211 (non-cancer) ~ |@

Variant not found in selected subset.

Cancer means germline sample (typically blood) for individual recruited to a study for a non-blood cancer



NSD1 nuclear receptor binding SET domain protein 1

G build h37 / hg ? :
S e Gene page region view
Canonical transcript ID ENSTO0O0000439151

—— Region 5:176560027-176727217

References Ensembl, UCSC Browser, and more

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

5'1 76560027' 1 7672721 7 Dataset [ gnomAD v2.1.1 gnomAD SVsv2.1 - ]O

zomin (120) (3] () zomon (150 (3] (1]
Region size 167,191 BP
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Article | Open Access | Published: 27 May 2020

A structural variation reference for medical and
population genetics

Ryan L. Collins, Harrison Brand, [...] Michael E. Talkowski

Nature 581, 444-451(2020) | Cite this article

29k Accesses | 38 Citations | 168 Altmetric | Metrics

Ryan Harrison | Mie
Collins Brand Talkowski

 gnomAD-SV callset from 10,847 whole genomes
 Multiple algorithms followed by integration step
e 433,371 unique structural variants with frequency data



gnomAD Structural Variants: RBMSA

Thrombocytopenia absent radius (TAR) syndrome (recessive)
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Color variants by | Conseguence  Type |
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[E LoF only | ] Int. exon duplication only | ] Copygain only | [ | Other only ]
p ) Include filtered variants Search variant table
| DEL only | B DUP only | M MCNV  only | M INS only | & INv only | M CPX only OTH only |
Variant ID Source  Conseguence Type Position -~ Size Allele Count Allele Number Allele Frequency H:I;:lber T
Zygotes
DUP_1_2228 E @ copy gain duplication 145372000 - 145592000 220 kb 7 21426 3.27e-d ]
DEL_1_9021 E @ loss of function deletion 145383000 - 145623000 240 kb 3 21198 1.42e-4 ]
DUP_1_2234 E @ partial duplication duplication 145502000 - 145508200 6.20 kb 3 20588 1.46e-4 ]
DUP_1_2235 E @ partial duplication duplication 145508500 - 145522000 13.5kb ] 20972 2.3Be4 ]

Collins et al., Nature, 2020

gnomad.broadinstitute.org



Previously reported “common” deletion in

Thrombocytopenia absent radius (TAR) synd

Genes
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[] genome | Save plot
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| LoF  only I Int. exon duplication  only | Copy gain  only | Other only |
Include filtered variants Search variant table
[ DEL only | DUP  only | MCNV  only | & NS ony | B NV only CPX only | @ OTH only
Variant 1D Source Consequence Type Position + Slze Allele Count Allele Number Allele Frequency Number of
Homozygotes
MCNV_1_51 E MONY averlap @ multi CNY 145309450 - 145367250 578 kb 2624 10738 2.72e1 -
DUP_1_2228 E copy gain @ duplication 145372000 - 145592000 220 kb 7 21426 3.27e-4 0
DUP_1_2229 a copy gain ® duplication 145380300 - 145421500 41.2kb #1446 4.7e-5 o
e 2 " PP PP T S pee e it pr———
E loss of function @ deletion 145383000 - 145623000 240 kb 3 21158 1.42e-4 0 I
intergenic [ ] n!c etian ‘|4g35!ﬂ=! E %455!555 24 0p 1 H !’% 4.fe-2 [1]




Structural variant: DEL_1_7663

Filter

Allele Count
Allele Number
Allele Frequency
Quality score
Pasition

Size

Class

Evidence
Algorithms

Consequences

3

21314

0.0001408

099
1:145383000-145833000
450,000 bp

deletion @

Read depth

Depth

This variant has consequences in 16 genes.

loss of function @
= ANKRD34A

= ANKRD35

= CD160

» and 13 more

Population Frequencies

References

« UCSC

Report

» Report this variant

Dataset | gnomAD SVsv2.1 =

5

gnomAD SVs v2.1

10,847 samples

gnomAD SVs v2.1 (controls)

2,192 samples

gnomAD SVs vZ2.1 (non-neuro)

8,342 samples

Population Allele Count Allele Number Number of Homozygotes Allele Frequency-
» European 2 7534 0 0.0002655

v African 1 9406 0 0.0001063

¢ Latino 0 1928 0 0.000

» East Asian 0 2258 0 0.000

» Other 0 188 0 0.000

Female 2 10416 0 0.0001920

Male 1 10852 0 0.00009215
Total 3 21314 0 0.00017408



Mitochondrial variants in gnomAD v3

Cell Parkinson Parkinson

Distonia

" P '

Mitochondria

|

MELAS

Distonia

Atassia

Corea

Mitochondrial DNA

MND

Siekevitz P, Scientific American (Wikipedia)



Per-base
mean depth
of coverage

transcripts

MT-ND5 mitochondrially encoded NADH:ubiguinone oxidoreductase core subunit 5

Genome build GRCh38 / hg38

Ensembl gene ID ENSGO0000198786.2
MANE Select transcript @ Not available

Ensembl canonical transcript @ Not available

Other transcripts ENSTO0000361567.2

Region M:12337-14148
References Ensembl, UCSC Browser, and more

©

ClinVar variants

. Pathogenic / likely pathogenic  only | Uncertain significance / conflicting  only . Benign / likely benign  only | Other only | (2]

ClinVar variants

(300)

nemAD variants
1136)

Variant ID

M-12372-G-A
M-12372-G-C
M-12373-A-G
M-12375-T-C

Coding regions (CDS) Bl [_] Untranslated regions (UTRg) ==

* o+ * ke owkk o w *
s kk i chk bokk v x o kok &

Dataset | gnomAD v3.1 = |@

Constraint

Constraint not yet available for gnomAD v3.

] mitochondrial genome Metric:| Mean

.] [Savepmt]

Collapse to bins

Non-coding transcripts =

p.lLeulZleu
p.leulZleu
p.Thr13Ala

p.Thr13Thr

VEP Annotation Clinical Significance

@ synonymous Likely pathogenic
@ synonymous

@ missense Benign

@ synonymous

Allele
Number

56353
56433
56429
56432

Homoplasmic HEEE':"IE:—?E‘:"—"E
Allele Count  preguency
880 1.58e-1
1 1.77e-5
52 9.22e-4
20 3.54e-4

Erequency
1.42e-4
0
1.77e-5
3.54e-5

heteroplasmy



Mitochondrial
variant page

Vamsi Mootha
Sarah Calvo
Kristen Laricchia
Monkol Lek
Nicole Lake
Daniel MacArthur

Single nucleotide variant: M-12451-A-G (GRCh38)

Filter 3

Allela Numbser, 56429
Hameplasmis AG 2
Hemeplasmis AE 0.00003544
Hetererlasmic.AG 2
Heteroplasmic AE 0.00003544

Max Qbsearved Helereplasmy 0.9940
Excludad Allels.Gount 5
Haeleareur.Refining Yes

Annotations

missense
+ MT-NDS

* ENSTOO000361567.2
HGWVSp: p.lle39val
Polyphen: @ benign
SIFT: @ tolerated_low_confidence

Haplogroup Frequencies @

Heteroplasmy Distribution

2

Individuals
1

Heteroplasmy Level

ClinVar

ClinVar Variation ID 693446

Conditions Leigh syndrome

Clinical significance Likely benign

Review status criteria provided, single submitter (1 star)
Last evaluated 2019-10-17

See submission or find more information on the ClinVar website.

Haplogroup Allele Number Homoplasmic AC Homoplasmic AF Heteroplasmic AC Heteroplasmic AF,
H 14783 0 0.000 1 0.000067865

L2 4724 0 0.000 1 0.0002117

M 1298 1 0.0007704 ] 0.000

U 6036 1 0.0001657 0 0.000

Total 26841 2 0.00007451 2 0.00007451



pLoF curations: predictions not the full story

| pLoF only |[:] Missense only |[] Synonymous  only |[:] Other only |

|J Export variants to CSV |

SNVs
Indels

Exomes
Genomes

) Only variants located in or within 75 base pairs of a coding exon are shown here. To see variants in UTRs or introns, use the region view.

The table below shows the HGVS consequence and VEP annotation for each variant's most severe consequence across all transcripts in this gene. Cases

transcript are denoted with t. To see consequences in a specific transcript, use the transcript view.

Yariant.R

1-155206105-C-CT
1-165206261-C-G
1-155207216-AG-A
1-155207370-C-G
1-1565208051-GA-G
1-155208073-G-A
1-155208082-G-A

1-1565208089-CAG-C

1-155208307-C-T
1-155208442-C-G
1-165208530-CT-C
1-155209704-GC-G
1-155209741-ACT-A
1-165209764-CA-C
1-155209780-C-CG
1-165209869-C-T
1-155210420-C-T
1-155210428-C-T
1-165210451-G-GC

~ ROMICR

Moriel Singer-Berk

HGNS.Gonseguance

p.Phe386ValfsTer50
¢.1000-1G=C
p.Pro305LeufsTer31
c.762-1G>C
p.Ser212HisfsTer19
p.GIn205Ter
p.Arg202Ter
p.Leu199AspfsTer62
c.588+1G>A
€.455-1G=>C
p.Glu111AsnfsTer?
p.lle9s5erfsTer12
p.SerB1TyrfsTer17
p.Gly74ValfsTer17
p.Thr68AspfsTeri2
c.116-1G=A
c.115+1G>A
p.Trp36Ter
p.Leu29AlafsTer18

YEE Annetatien

@ frameshift

@ splice acceptor
@ frameshift

@ splice acceptor
@ frameshift

@ stop gained

@ stop gained

@ frameshift

@ splice donor

@ splice acceptor
@ frameshift

Lok

Curation Glinical Significance Elags

Likely pathogenic

............ Pathogenic
____________ Pathogenic

This variant was curated as "Likely not LoF". The following factors

contributed to this verdict: Homopolymer, Mapping Issue. See
variant page for details.
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Manually curated (gnomAD v2)
All homozygous pLOF variants

* 28% not LoF

Heterozygous pLoF variants in

some recessive genes

* 25% not LoF
Working on pLoF genes in
haploinsufficient genes

* 60% not LoF

LoF Curation column if the gene
has variants curated by the
gnomAD team



Genetics as a lever to understand biology

Forward genetics

Find the genetic basis of
a phenotype or trait
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Reverse genetics

Find phenotypes associated with
a particular genetic variant

>

Discovery of novel disease genes

Slide from Daniel MacArthur

Phenotyping humans with LoF variants



Harnessing the power of allele frequency

VS

Making sense of one exome requires tens of thousands of exomes (or
genomes) to reveal rare variants



# variants remaining after

filtering
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® East Asian
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6K 60K

Five-fold reduction in number
of very rare variants with large
reference databases

# variants remaining in an exome
after applying a 0.1% filter across
all populations

Both size and ancestral diversity
increase filtering power

Lek et al., Nature, 2016



Evaluating rare variant
pathogenicity

Genetics
o e coeseotmes s oo IMCIVIG STANDARDS AND GUIDELINES | inMedicine

2015

Standards and guidelines for the interpretation of sequence
variants: a joint consensus recommendation of the American
College of Medical Genetics and Genomics and the
Association for Molecular Pathology
Sue Richards, PhD', Nazneen Aziz, PhD>'%, Sherri Bale, PhD?, David Bick, MD*, Soma Das, PhD5,
Julie Gastier-Foster, PhD®"2, Wayne W. Grody, MD, PhD*'%" Madhuri Hegde, PhD',

Elaine Lyon, PhD", Elaine Spector, PhD", Karl Voelkerding, MD" and Heidi L. Rehm, PhD's;
on behalf of the ACMG Laboratory Quality Assurance Committee



Richards et al,,
Genet Med,
2015
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Conclusions

* Reference population databases are public resources that are
critically important to evaluate variant rarity, which is necessary
but not sufficient for pathogenicity for rare disease

* These datasets provide multiple tools (constraint, pext) to help
prioritize variants to understand human biology

* The power of reference population datasets will increase as they
grow in size and diversity

* gsnomAD v4 with >300,000 exomes on GRCh38 anticipated in 2021 or 2022
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gnomAD browser

Downloads

" gnomAD v2 ‘ gnomAD v2 liftover gnomAD v3  ExAC

Summary
Available on * Variants i EXOme and
* Google Cloud Public Datasets s genome data is
¢ RegiStry of Open Data on AWS = Multi-nucleotide variants (MNVs) |n Separate f||eS
b Azure Open Datasets » Proportion expressed across transcripts (pext) i

= Structural variants ¢ Exome data IS

. Lf:uss—of-n.mctm.r?cgratmn results 125K exomes

» Linkage disequilibrium

2N HoRouEss  Genome data is

Variants 15K genomes

(I3 Find out what changed in the latest release in the gnomAD v2.1.1 README.

The variant dataset files below contain all subsets (non-neuro, non-cancer, controls-only, and non-TOPMed).

Exomes Genomes

« Sites Hail Table = Sites Hail Table
Show URL for Google / Amazon / Microsoft Show URL for Google { Amazon { Microsoft
Copy URL for Google / Amazon / Microsoft Copy URL for Google { Amazon / Microsoft

+ All chromosomes sites VCF = All chromosomes sites VCF
58.81 GiB, MD5: f034173bf6e57fbb5e8ce680e95134f2 460.93 GiB, MD5: e6eadf5ac7b2821b40f350dabe1279a2
Download from Google / Amazon [/ Microsoft Download from Google / Amazon / Microsoft
Download TBI from Google / Amazon { Microsoft Download TBI from Google / Amazon [ Microsoft

» chrl sites VCF = Exome calling intervals VCF
5.77 GiB, MD5: 9817acdf1d9600efb3355edch4b7eelf 9.7 GiB, MD5: e5bd69a0f89468149bc3afca78cd5acc
Download from Google / Amazon [/ Microsoft Download from Google / Amazon / Microsoft

Download TBI from Google / Amazon / Microsoft Download TBI from Google / Amazon [ Microsoft



ghomAD blog
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gnomAD v3.1 Mitochondrial DNA Variants

November 17, 2020 in Announcements / Releases

Kristen Laricchia, Sarah E. Calvo

Overview

Mitochondrial DNA (mtDNA) variants for gnomAD are now available for the first time! We
have called mtDNA variants for 56,434 whole genome samples in the v3.1 release. This
initial release includes population frequencies for 10,850 unigue mtDNA variants defined
at more than half of all mtDNA bases. The vast majority of variant calls (98%) are
homoplasmic or near homoplasmic, whereas 2% are heteroplasmic. Variation in
mitochondrial genomes contributes to many human diseases and has had unigue value
in the study of human evolutionary genetics. We hope that the addition of mtDNA to
gnomAD will enable researchers to better understand the role of mtDNA variation in both
health and disease states.

Previous gnomAD callsets have not included mtDNA variants because their properties do
not fit the assumptions that we use with our nuclear variant calling pipeline. These
properties include:

Continue reading

gnomAD v3.1

October 29, 2020 in Announcements [/ Releases

gnomAD Production Team

Latest posts

anomAD v3.1 Mitochondrial DNA
Variants
November 17, 2020

gnomAD v3.1
October 29, 2020

gnomAD v3.1 New Content, Methods,
Annotations, and Data Availability
October 29, 2020

Loss-of-Function Curations in gnomAD
October 29, 2020

Open access to gnomAD data on
multiple cloud providers
October 29, 2020
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