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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 

damaging by in silico predictors)
o ~100 LoF variants: ~20 homozygous, ~20 rare
o ~100 rare variants in known disease genes
o ~50 reported disease-causing mutations (!)
o 1-2 de novo coding mutations
o Unknown number of sequencing errors

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

the sea of benign variation?



Given known mutation rates, it is almost certain that 
every possible single base change compatible with 

life exists in a living human

The power of 7.7 billion people



Variant aggregation at Broad

• 20+ M pageviews from 184 countries
• Aided in the diagnosis of over 200,000 patients with rare disease

Exome Aggregation 
Consortium (ExAC) – v1
60,076 exomes
Genome Build 37
released October 2014

Genome Aggregation 
Database (gnomAD) – v2
125,748 exomes + 15,708 genomes
Genome Build 37
released October 2016

Genome Aggregation 
Database (gnomAD) – v3
71,702 genomes
Genome Build 38
released October 2019
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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

Grace Tiao
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Data processed through same pipeline and called jointly



http://gnomad.broadinstitute.org
MPG Primers on using gnomAD

https://www.youtube.com/watch?v=J29_Pf8Ti1s
https://www.youtube.com/watch?v=Bh8AKkI-DhY

gnomAD v2 – GRCh37
exomes and genomes

gnomAD v3 – GRCh38
genomes only (for now)

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






Additional features in gnomAD v3 (GRCh38)

In silico predictors

Released last week (also in gnomAD v2)



Additional features in gnomAD v3 (GRCh38)

Two open access datasets
Human Genome Diversity 

Project (HGDP)

1000Genomes (1KG)



Additional features in gnomAD v3 (GRCh38)

Two open access datasets
Human Genome Diversity 

Project (HGDP)

1000Genomes (1KG)



Constraint

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

Conservation is between species
Constraint is within the human species



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

Kaitlin Samocha

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

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

Constraint metrics

LOEUF



Constraint metrics

LOEUF

Samocha et al. 2014; Lek et al. 2016

pLI

# 
of

 g
en

es

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

Karczewski et al., Nature, 2020

LOEUF = Loss-of-function observed/expected upper bound fraction
Continuous metric (lower scores more LoF constrained)

0.9



• Binning this spectrum into deciles

Resolving the spectrum of LoF intolerance

More depleted
More constrained

More tolerant
Less constrained



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

Resolving the spectrum of LoF intolerance

ClinGen gene dosage map



• Autosomal recessive genes are centered around 60% of expected

Resolving the spectrum of LoF intolerance

Gene list from:
Blekhman et al., 2008

Berg et al., 2013



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

Resolving the spectrum of LoF intolerance



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

BRCA1
Autosomal dominant

Breast and ovarian cancer



Regional missense constraint (Samocha et al.)
https://www.biorxiv.org/content/early/2017/06/12/148353



Regional missense constraint (Samocha et al.)
https://www.biorxiv.org/content/early/2017/06/12/148353



Regional missense constraint (Samocha et al.)
https://www.biorxiv.org/content/early/2017/06/12/148353



DECIPHER Protein View: NSD1
https://decipher.sanger.ac.uk/gene/NSD1/overview/protein-info

https://decipher.sanger.ac.uk/gene/NSD1/overview/protein-info


Expression data from GTEx in gnomAD



GTEx

NSD1

Showing only Pathogenic pLoF variants



GTEx

NSD1



GTEx Consortium et al., Nature, 2017
https://www.gtexportal.org/home/

Gene expression
Transcript expression
eQTLs

https://www.gtexportal.org/home/


Example gene expression across tissues: NSD1

https://www.gtexportal.org/home/gene/NSD1



Example gene expression across tissues: NSD1

https://www.gtexportal.org/home/gene/NSD1



Transcript aware expression analysis  - pext score

Cummings et al., Nature, 2020



Exploring subsets



Exploring subsets

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



Gene page region view



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

Ryan
Collins

Harrison
Brand

Mike
Talkowski



gnomAD Structural Variants: RBM8A

Collins et al., Nature, 2020 gnomad.broadinstitute.org

Thrombocytopenia absent radius (TAR) syndrome (recessive)



Previously reported “common” deletion in 
Thrombocytopenia absent radius (TAR) syndrome





Mitochondrial variants in gnomAD v3

Siekevitz P, Scientific American (Wikipedia)

37 genes
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Mitochondrial
variant page



pLoF curations: predictions not the full story

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

https://gnomad.broadinstitute.org/blog/2020-10-loss-of-function-curations-in-gnomad/

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

Moriel Singer-Berk



Genetics as a lever to understand biology

Discovery of novel disease genes Phenotyping humans with LoF variants
Slide from Daniel MacArthur



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

vs

Harnessing the power of allele frequency



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 power6K 60K

East Asian
South Asian
Latino
African
European
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Lek et al., Nature, 2016



2015

Evaluating rare variant 
pathogenicity



Richards et al., 
Genet Med, 

2015



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

• gnomAD v4 with >300,000 exomes on GRCh38 anticipated in 2021 or 2022



• Exome and 
genome data is 
in separate files

• Exome data is 
125K exomes

• Genome data is 
15K genomes

Available on
• Google Cloud Public Datasets
• Registry of Open Data on AWS
• Azure Open Datasets





Acknowledgements

Steering Committee
Heidi Rehm (co-PI)
Mark Daly (co-PI)
Daniel MacArthur
Ben Neale
Mike Talkowski
Anne O’Donnell-Luria
Konrad Karczewski
Grace Tiao
Matt Solomonson
Samantha Baxter

Analysis team
Konrad Karczewski
Laurent Francioli
Grace Tiao
Kristen Laricchia
Beryl Cummings
Eric Minikel
Irina Armean
James Ware
Kaitlin Samocha
Nicola Whiffin
Qingbo Wang
Ryan Collins

Structural Variation
Ryan Collins
Harrison Brand
Konrad Karczewski
Laurent Francioli
Nick Watts
Matthew Solomonson
Xuefang Zhao
Laura Gauthier
Harold Wang
Chelsea Lowther
Mark Walker
Christopher Whelan
Ted Brookings
Ted Sharpe
Jack Fu
Eric Banks
Michael Talkowski

Browser team
Matthew Solomonson
Nick Watts
Ben Weisburd

Ethics team
Andrea Saltzman
Molly Schleicher
Namrata Gupta
Stacey Donnelly

Broad Genomics 
Platform
Stacey Gabriel
Kristen Connolly
Steven Ferriera

Ben Neale
Cotton Seed
Tim Poterba
Arcturus Wang
Chris Vittal

Production team
Grace Tiao
Julia Goodrich
Katherine Chao
Michael Wilson
William Phu
Eric Banks
Charlotte Tolonen
Christopher Llanwarne
David Roazen
Diane Kaplan
Gordon Wade
Jeff Gentry
Jose Soto
Kathleen Tibbetts
Kristian Cibulskis
Laura Gauthier
Louis Bergelson
Miguel Covarrubias
Nikelle Petrillo
Ruchi Munshi
Sam Novod
Thibault Jeandet
Valentin Ruano-Rubio
Yossi Farjoun

https://www.nature.com/collections/afbgiddede
gnomAD papers at: 

https://gnomad.broadinstitute.org/about
Contact for ?s: gnomad@broadinstitute.org or 
odonnell@broadinstitute.org

https://www.nature.com/collections/afbgiddede
https://gnomad.broadinstitute.org/about
mailto:gnomad@broadinstitute.org
mailto:odonnell@broadinstitute.org

	Use of the �Genome Aggregation Database (gnomAD)
	Slide Number 2
	The power of 7.7 billion people
	Variant aggregation at Broad
	Slide Number 5
	Thank you to the PIs who share data in gnomAD
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Additional features in gnomAD v3 (GRCh38)
	Additional features in gnomAD v3 (GRCh38)
	Additional features in gnomAD v3 (GRCh38)
	Constraint
	Developed a mutational model to calculate expected number of variants per gene
	Constraint metrics
	Constraint metrics
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Important notes on constraint
	Slide Number 22
	Slide Number 23
	Slide Number 24
	DECIPHER Protein View: NSD1
	Expression data from GTEx in gnomAD
	NSD1
	NSD1
	Slide Number 29
	Example gene expression across tissues: NSD1
	Example gene expression across tissues: NSD1
	Transcript aware expression analysis  - pext score
	Exploring subsets
	Exploring subsets
	Gene page region view
	Slide Number 36
	gnomAD Structural Variants: RBM8A
	Previously reported “common” deletion in �Thrombocytopenia absent radius (TAR) syndrome
	Slide Number 39
	Mitochondrial variants in gnomAD v3
	Slide Number 41
	Slide Number 42
	pLoF curations: predictions not the full story
	Genetics as a lever to understand biology
	Harnessing the power of allele frequency
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Conclusions
	Slide Number 50
	Slide Number 51
	Acknowledgements

