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Where do gnomAD samples come from?

308 data contributors

>100 studies

>25 countries®

Australia, Bangladesh, Belgium, Canada, China, England, Finland, France, Germany, Israel, ltaly, Japan,
Kenya, Korea, Lithuania, Mexico, Netherlands, Pakistan, Scotland, Singapore, Spain, Sweden, United Arab
Emirates, USA, Wales

*Based on country of the study's institutional review board (IRB)

Contributing projects

1000 Genomes

1958 Birth Cohort

African American Coronary Artery Calcification project (AACAC)
ALSGEN

Alzheimer's Disease Sequencing Project (ADSP)

Atrial Fibrillation Genetics Consortium (AFGen)

Duke Catheterization Genetics (CATHGEN)
Bangladesh Risk of Acute Vascular Events (BRAVE) Study
BIOcd-plus
BioHeart
BioMe Biobank
BioVU
BipEx
Bulgarian Trios
CCDG IBD sequencing project
COPD-Gene
Crohn's & Colitis Foundation (CCFA) Genetics Initiative
ENGAGE-TIMI
Estonian Genome Center, University of Tartu (EGCUT)
Finland-United States Investigation of NIDDM Genetics (FUSION)
Finnish Migraine Study
Finnish Twin Cohort Study
FINN-ADGEN
FINRISK
Framingham Heart Study
Gene Discoveries in Subjects with Crohn’s Disease of African Descent
Genetics of Cardiometabolic Health in the Amish
Genizon Biobank
Génome Québec - Genizon Biobank
Genomic Psychiatry Cohort
GoT2D
Genotype-Tissue Expression Project (GTEXx)

Health2000
Human Genome Diversity Project
Inflammatory Bowel Disease:

10001BD project
Helsinki University Hospital Finland
IBD Genomic Medicine Consortium (iGenoMed)
IBD: REMIND
IBD: Understanding the determinants of health outcomes
Inflammatory Bowel Disease Sequencing Study
NIDDK IBD Genetics Consortium
Quebec IBD Genetics Consortium
University of Miami IBD Collaborative
IMAGINE
International Genome Sample Resource (IGSR)
Jackson Heart Study
Jewish Genome Project - funded by Bonei Olam
Kuopio Alzheimer Study
LifeLines Cohort
Lung Tissue Research Consortium (LTRC)
Material and Information Resources for Inflammatory And Digestive Diseases
Biobank
McLean Program for Neuropsychiatric Research, Psychotic Disorders Division
MESTA
METabolic Syndrome In Men (METSIM)
Mass General Brigham biobank
Molecular Genetics of Cognitive Disorders in Northern Finland
Multi-Ethnic Study of Atherosclerosis (MESA)
Myocardial Infarction Genetics Consortium (MIGen):
Leicester Exome Seq
North German MI Study
Ottawa Genomics Heart Study
Pakistan Risk of Myocardial Infarction Study (PROMIS)
Precocious Coronary Artery Disease Study (PROCARDIS)
Registre Gironi del COR (REGICOR)
South German MI Study
Variation in Recovery: Role of Gender on Outcomes of Young AMI Patients
(VIRGO)
National Institute of Mental Health (NIMH) Controls
NHGRI CCDG
NHLBI-GO Exome Sequencing Project (ESP)
NHLBI TOPMed

NeuroDev
Nurses' Health Study
Osaka University Graduate School of Medicine
PEGASUS
Population Architecture Using Genomics and Epidemiology (PAGE) Consortium
PRISM
Pritzker Neuropsychiatric Disorders Research Consortium
Schizophrenia Exome Sequencing Meta-Analysis (SCHEMA)
SCHEMA - Japan
SCHEMA - Spain
Schizophrenia Trios from Taiwan
Sequencing Initiative Suomi (SiSu)
SHARE
SIGMA-T2D
SubPopulations and InteRmediate Outcome Measures In COPD Study
(SPIROMICS)
SUPER Study — “A Finnish study of hereditary mechanisms of psychosis
disorders”
Swedish Schizophrenia & Bipolar Studies
T2D-GENES
BioMe
GoDARTS
Framingham Heart Study
oo o TCGA removed
The Fund for Resources for Psychiatric Research
The Genetics of Atrial Fibrillation
The Genetics of Cardiovascular Disease: Atrial Fibrillation and Atrioventricular
Block
The Vanderbilt Atrial Fibrillation Ablation Registry (VAFAR)
TheWellcomeTrust Case Control Consortium
THL Biobank consent in accordance with the Finnish Biobank Act
UCSF atrial fibrillation cohort
UKIBDGC - Pharmacogenetic
UK BioBank
Whole Genome Sequencing in Psychiatric Disorders (WGSPD)
Women's Health Initiative (WHI)

126K from v2 exomes
76K from v3 genomes

417K exomes from
UKBB

188K exomes from
many new sources
(sequenced at Broad)

https://gnomad.broadinstitute.org/about
https://gnomad.broadinstitute.org/stats
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Breakdown of gnomAD cohort phenotypes

% of cases out of

Phenotypes Control Unknown

all v4 exomes
Biobank or control dataset* - 24,016 447,750 471,766 N/A
Neurodevelopmental** - 132 - 143 N/A
Coronary heart disease 1,557 - - 1,557 0.21%
Myocardial infarction 11,900 369 - 12,269 1.63%
Cardiac arrhythmia 458 - - 458 0.06%
Atrial Fibrillation 4,398 3,546 38,289 46,233 0.60%
MRS Ll 1,888 11,376 15,000 28,264 0.26%
disease
Type 2 Diabetes 17,506 13,096 3,807 34,409 2.39%
Inflammatory bowel disease 35,008 11,928 280 47,217 4.79%
spectrum and related disorders
Bipolar disorder 19,284 16,383 80 35,747 2.64%
Sl T 30,278 17,689 39 47,994 4.14%
related disorders
Alzheimer's disease 2,594 665 1,632 4,890 0.35%

Grand Total 506,877 730,947

*This category includes: GTEx, 1KG, UKBB, and the Qatar Genome Project, as well as the FinnGen and MGB biobank samples when no phenotype was specified
A includes diseases like Crohn's disease, irritable bowel syndrome, interstitial cystitis, ulcerative colitis
** Neurodevelopmental controls are unaffected parents of children with confirmed or suspected de novo cause of their neurodevelopmental disorder

https://gnomad.broadinstitute.org/stats




Developing a Cohort Allele Frequency Model

medgen:222975 Developed from the GA4GH Variant

[ R (Brugada Syndrome) . . .
Annotation Specification (draft standard)
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A variant is classified as benign

suj’xm—‘ ) : °th for Brugada Syndrome... CAF Schema
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[

has evidence line

* ...which is supported by P
focushllele Stand-Alone Benign evidence Uses the the_ GA4GH . \(ar lgtlon
‘ oAl code 1 (BA1) from the ACMG Representation Specification
[ 2015 mendelian disorder d standard: v1.3
hasfvidincmm classification framework... (appr oved Standqard; vi. )
| Cohort Allele ...based on a gnomAD genomic ancestry VRS Documentation

| Frequency: 0.083 group allele frequency of 0.083.

GnomAD Blog Post

Supported by NOT-OD-22-067: Administrative Supplements to Support Collaborations to Improve the Al/ML-Readiness of NIH-Supported Data
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https://gnomad.broadinstitute.org/news/2023-11-ga4gh-gks/
https://github.com/ga4gh/va-spec/blob/d24fe5bbe51c70910663a5597c977f4fe79bd8e4/schema/cohortAlleleFreq.json
https://vrs.ga4gh.org/
https://grants.nih.gov/grants/guide/notice-files/NOT-OD-22-067.html
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Developing High Throughput Variant Translation Tools

%SeqRepu %Binutils

SRR, | rapid seq access

nomAD v4
ggennmes l normalization

: VCF N/ methods
HailTable [ _mpu__ 8%,
.-E:..VRS,:; Challenge:

iy | VeF ?3.:?&;;‘;_ ~1.89 billion Alleles in gnomAD
gnomAD v4 el iac 7N requires variant representation at scale

EmeES VRS annotated VCF _ _
 Pall Table Built a high-throughput VRS / VCF

VRS annotated VCF

translation tool (source code)

Leverages SegRepo and Bioutils from
the Biocommons community


https://github.com/ga4gh/vrs-python/releases/tag/0.8.4

—

CohortAlleleFrequency

derivedFrom

focusAllele: <VVRS Allele>

focusAlleleCount: integer

locusAlleleCount: integer

alleleFrequency: number

qualityMeasures

+ meanDepth: integer

+ gcFilters: [string]

+ monoallelic: boolean

+ lowComplexityRegion: boolean
+ lowConfidencelLossOfFunctionError: boolean
+ lossOfFunctionWarning: boolean
+ noncodingTranscriptError: boolean

+ heterozygousSkewedAlleleCount: integer

cohort

ancillaryResults

subcohortFrequency

+ grpMaxFAF95

+ jointGrpMaxFAF95
+ homozygotes: integer
+ hemizygotes: integer

A Variant Annotation Model and Python Toolkit

Challenge:

CAF model includes global standard
profile for core data, but also resource-
specific quality measures and ancillary
results

Created a CAF profile with global and
resource-specific components

Added methods to the gnomAD Hail
utils library to extract CAF-formatted
data from annotated Hail tables
(source code)



https://github.com/broadinstitute/gnomad_methods/blob/7c0c994883f321492a48962674d5caeb289df4c7/gnomad/utils/annotations.py#L2403-L2648

Future work: CAF model and VRS at GA4AGH Connect

1. Applications of this model to other Variant Annotation
Specification profiles

2. Development of the VRS 2.0 specification and planned
application to gnomAD



Coming in 2024-25: Cohort Allele Frequency from GREGoR
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