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Genomic Medicine
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Pathogenic

Likely pathogenic

Benign

Likely benign

Uncertain
significance

(i) 1 Very strong (PVS1) AND
(a) =1 Strong (PS1-PS4) OR
(b) =2 Moderate (PM1-PM6) OR

(¢) 1 Moderate (PM1-PM6) and 1 supporting
(PP1-PP5) OR

(d) 22 Supporting (PP1-PP5)
(ii) 22 Strong (PS1-PS4) OR
(iii) 1 Strong (PS1-PS4) AND

(a)23 Moderate (PM1-PM6) OR

(b)2 Moderate (PM1-PM6) AND =2
Supporting (PP1-PPS) OR

(c)1 Moderate (PM1-PM6) AND 24
supporting (PP1-PPS)

(i) 1Very strong (PVS1) AND 1 moderate (PM1-
PM6) OR

(i) 1Strong (PS1-PS4) AND 1-2 moderate
(PM1-PM6) OR

(ili) 1 Strong (PS1-PS4) AND =2 supporting
(PP1-PPS) OR

(iv) 23 Moderate (PM1-PM6) OR

(v) 2 Moderate (PM1-PM6) AND =2 supporting
{PP1-PP5) OR

(vi) 1 Moderate (PM1-PM6) AND 24 supporting
(PP1-PPS)

(i) 1Stand-alone (BA1) OR
(ii) =2 Strong (BS1-BS4)

(i) 1Strong(BS1-BS4)and 1 supporting (BP1-
BP7) OR

(i) 22 Supporting (BP1-BP7)
(i) Other criteria shown above are not met OR

(ii) the criteria for benign and pathogenic are
contradictory

T~ < N -
Strong Supporting Supporting Moderate Strong Very strong
Population MAF is 100 high for Absent in population Provalence in
data disorder BA1/BS1 OR databases PM2 affecteds statistically
observation in controls increased over
incongistent with controls PS4
disease penetrance BS2
Computational Multipte knes of Multiple lines of Novel missense change Same amino acid Predicted null
and predictive computational evidence computational at an amino acid residue | change as an variant in a gene
data suggest no impact on gene ovidence support a where a different estabhshed where LOF isa
fgene product BP4 deleterious effect pathogenic missense pathogenic variant known
on the gene /gene change has been seen PS1 mechanism of
Missense in gene where product PP3 before PMS disease
only truncating cause PVS1
disease BP Protein length changing
variant PM4
Siient variant with non
predicted splice impact BP7
In-frame indels in repeat
w/out known function BP3
Functional Well-established Missenso in gene with | Mutational hot spot Well-established
data functional studies show low rate of benign or well-studied functional studies
no deletenous effect missense variants and | functional domain show a deleterious
BS3 path, missenses without benign offect PS3
common PP2 variation PM1
Nonsegregation Cosegregation with
with disease BS4 diseaso in multiple .
ds:z'vﬂbﬂ affected family Increased segregation data N
members PP1
De novo De novo (without De novo (paternity and
data paternity & matemity maternity confirmed)
confirmed) PM6 PS2
Allelic data Observed in trans with For recessivo
a dominant variant BP2 disorders, detected
in trans with a
Qbserved in ¢is with a pathogenic variant
pathogenic variant BP2 PM3
Other Reputable source wout Reputable source
database shared data = benign BP6 = pathogenic PP5
Found in case with Patient's phenotype or
Other data an alternate cause FH highly specific for
BPS gene PP4

https://doi.org/10.1038/gim.2015.30
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@ Data Warehouse (!9 Variant Annotation Database

—> Resource-specific Interface wap- Aggregated Content
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(.!) Variant Annotation Database Support Tools

i”" Genomic Knowledge Framework @ Machine Learning
wap- Aggregated Content

@ Data Warehouse

“. Web Application
. — Standardized Interface —> Resource-specific Interface



A GA4GH Genomic Standards Work stream
KnOW]_edge Framework Variation Representation Specification (VRS; “verse”

Variation Annotation Specification
Categorical VRS (Cat-VRS)

Implementation (IGM)

. . Variation Descriptor Variant Pathogenicity Curated, Measured or
Collaboration with: Assertion Assessed Data
Variation l
- Variant Pathogenicity Study Result
- Proposition =
CAID -0R -
Uimiversal Identifier
- Variation Assertion
HGVS description
Humat-Readalie Nomenclakss
| pathogenic, likely_path, ... ]
Evidence
— - | Condition -
Condition Descriptor Data -
Condition =
Evidence :j Assessment
<strength, direction=
MONDO ID
Unfversal identifier Method
Confidence
................................................................................ Commaon Name
. Human-Readabie Label Contributions
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https://reporter.nih.gov/search/ArlpaOESqkiVba6TVnqERw/project-details/10485282

Slide courtesy of Heidi Rehm

Where do gnomAD samples come from?

308 data contributors

>100 studies

>25 countries*

Australia, Bangladesh, Belgium, Canada, China, England, Finland, France, Germany, Israel, Italy, 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 Calcffication 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 Discov eries in Subjects with Crohn’s Disease of African Descent
Genetics of Cardiometabolic Health in the Amish
Genizon Biobank
Génome Québec - Genizon Biobank
Genomic Psy chiatry Cohort
GoT2D
Genoty pe-Tissue Expression Project (GTEXx)

Health2000
Human Genome Div ersity Project
Inflammatory Bowel Disease:

1000IBD 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 M| 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
o o Beremestas-treen— 1CGA 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 inaccordance 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)

hﬂpﬁﬂgﬂm‘w_ —


https://gnomad.broadinstitute.org/about
https://gnomad.broadinstitute.org/stats

Breakdown of gnomAD cohort phenotypes

Phenotypes

Control

Unknown

2
Slide courtesy of Heidi Rehm G’

% of cases out of
all v4 exomes

Biobank or control dataset* -

Neurodevelopmental** -
Coronary heart disease 1,557
Myocardial infarction 11,900
Cardiac arrhythmia 458
Atrial Fibrillation 4,398
an-spemﬁc cardiovascular 1,888
disease

Type 2 Diabetes 17,506
Inflammatory bowel disease 35.008
spectrum and related disorders® ’
Bipolar disorder 19,284
Schlzoph.rema spectrum and 30,278
related disorders

Alzheimer's disease 2,594
Grand Total 124,871

24,016
132

369

3,546

11,376
13,096

11,928

16,383

17,689

665

99,200

447,750

38,289

15,000
3,807

280

80

39

1,632

506,877

471,766
143
1,557
12,269
458
46,233

28,264
34,409

47,217

35,747

47,994

4,890

730,947

N/A
N/A
0.21%
1.63%
0.06%
0.60%

0.26%

2.39%

4.79%

2.64%

4.14%

0.35%
17.08%

*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 neurodev elopmental disorder

https://gnomad.broadinstitute.org/stats



Developing a Cohort Allele Frequency Model

l e Alisie pe Developed from the GA4GH Variant
rugada Syndrome . cp- .
‘ J Annotation Specification (draft standard)
j A variant is classified as benign CAF Schema
subject ( ) object
) | is borkh y for Brugada Syndrome...
has evidi:nce line
...which is supported by P
focusAllele ( ] Stand-Alone Benign evidence Uses the the. GA4G H_\_/arlgtlon
BAL J code 1 (BA1) from the ACMG Representation Specification
= 2015 mendelian disorder .
hasEVid%nceltem classification framework... (approved Standard’ V13)
Cohort Allele | ...based on a gnomAD genomic ancestry VRS Documentation
Frequency: 0.083 group allele frequency of 0.083.

GnomAD Bloqg Post

Supported by NOT-OD-22-067: Administrative Supplements to Support Collaborations to Improve the AUML-Readiness of NIH-Supported Data

e
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https://grants.nih.gov/grants/guide/notice-files/NOT-OD-22-067.html
https://github.com/ga4gh/va-spec/blob/d24fe5bbe51c70910663a5597c977f4fe79bd8e4/schema/cohortAlleleFreq.json
https://gnomad.broadinstitute.org/news/2023-11-ga4gh-gks/
https://vrs.ga4gh.org/

VRS Variants and Global Identifiers

VRS Allele

" id": None,
“type”: “Allele”,

“location”: Sequencelocation {...},
“state”: {"sequence”: “C",
“type": "LiteralSequence"}

Compute digests for nested
VRS objects, remove attributes
starting with “_"

#_-Ian: PIEE E'
“type”: “Allele”,
“location”: "vOK0OmcjQV...",
“state”: {"sequence”: “C",
“type": “LiteralSequence"}

Remove unnecessary whitespace,
sory by UTF-8 code, format as JSON

l I_ UTF-8 Encoding —»

{"location”: "vOKOmcjQV...” "state™: . .}

Serialize Digest

Type
m

“gadgh:VA.1zHNaaQGsWiAzjX...”
Mamespace

Digest String

BaseG4url

encoding
Digest BLOB |

d7 31 cd 69 a4 06 b1 68
80 ce 35 f3 20 50 7d aa
09 d7 70 da c0 32 6e 09

!

SHA-512 Digest,
keep first 24 bytes

Input BLOB

010101100101001001010011
001000000110100101110011
0010000001100011011011110
11011110110110000100001

| ldentify )

Protein
Variation

Transcript

Genomic Variation

GRCh38

Variation

GRCh37

HGVS Descriptions

NP_00406.2:p.2827_2830SGSR[4]

LRG_423p1:p.2827_2830SGSR[4]
P15924:p.2827_2830SGSR[4]

NM_0044154:¢c.8472_8483del

LRG 423t1:c.8472 8483del
CCDS4501.1:¢.8472_8483del

NC_000006.11:9.7585967_7585978del
CMO000668.1:9.7585967_7585978del

NC_000006.12:9.7585734_7585745del
CMO000668.2:9.7585734_7585745del

VRS ldentifiers

Computed ldentifier
Algorithm

gadgh:VA.9BtZ7Je...

gadgh:VA.Yj1zrmM...

gadgh:VA.iIUVWOWS...

gadgh:VA,EWPHTIX...

Wagner AH, et al. Cell Genomics. 2021

gadgh.org



Developing High Throughput Variant Translation Tools

GEET

gnomAD v4
genomes

Hail Table
e e

SR

gnomAD v4
exomes

Halil Table
e T

[rapid seq access

¥§seqRepo “SBioutils

normalization

.I

" 'r
» P VRS ;€

input s @
> A

VCF :’." N "\'
input R 4
VRS annotated VCF

VCF L \V/ . methods

VRS annotated VCF

Challenge:
~1.89 billion Alleles in gnomAD
requires variant representation at scale

Built a high-throughput VRS / VCF
translation tool (source code)

Leverages SegRepo and Bioutils from
the Biocommons community


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

A Variant Annotation Model and Python Toolkit

CohortAlleleFrequency

derivedFrom

' focusAllele: <VRS Allele>

~ focusAlleleCount: integer |

locusAlleleCount: integer

alleleFrequency: number

qualityMeasures

+ meanDepth: integer

+ qcFilters: [string]

+ monoallelic: boolean

+ lowComplexityRegion: boolean

+ lowConfidencelL.ossOfFunctionError: boolean

+ lossOfFunctionWarning: boolean

+ noncodingTranscriptError: boolean
+ heterozygousSkewedAlleleCount: integer

cohort

subcohortFrequency

ancillaryResults

+ grpMaxFAF95
+ jointGrpMaxFAF95
+ homozygotes: integer

+ hemizygotes: integer

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 Haill
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

Future work: CAF model and VRS at GA4AGH Connect

2110 24 April 2024 - Ascona, Switzerland

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

[I_h Reference material demonsirales ."-"-""I:'":""-.
—— . : variant translation (HGVS, VCF, VRS) TR NG
- Veriant Translation N for general purpose operations ) et
@ Tools on GREGOR data C' iﬂ G en
— -ﬁ. . --.',.-...-.-I-.'.---.-‘;
Referenca ."1'5 Jupyter -»
Datasets Translation Service used for Indexing and Search :' :-...-"’ L T
I — I —_—
: Reference material demonstrates v lcc_ i
I — hq—E:pn cohaort building from gueried Reference . £
— otype Genotypes and Phenotypes Relerance materials
[ — Genotype and Phen 3 / Notebooks and demonstrate mapping of
Search Tool T
el M POt =12 e Workflows cohort data to GA4GH D
—_— Genotype | Phanotype count genomic evidence
Prﬂnm J data from search tools
u
Indices Participant VCF and Phenotype Ingest - . . F.
Distribution to S
downstream GEI"IEILS:FTGES
f . workflows using and Workrfiows
GAAGH Standards
1} N A N " ?
o= = = o= =)
— - — — — Participant _
- Data using Genomic Knowledge
Dataset 1 Dataset 2 Dataset 3 Dataset 4 OREGaR Evidence Mapper

Model

-B@BHGREGOR ’

Supported by U24HG011746 - Competitive Subaward


https://reporter.nih.gov/project-details/10216104

Acknowledgements

Wagner Lab Broad Institute Funding
Wesley Goar Heidi Rehm | .
Kori Kuzma Larry Babb D) scrimen coreme
James Stevenson Katherln_e Chao =35 HGO011949

Grace Tiao

and collaborative supplement
Matthew Solomonson PP

Kyle Ferriter
Daniel Marten
Phil Darnowsky
Qin He

THE OHIO STATE UNIVERSITY

COLLEGE OF MEDICINE

@NATIONWIDE CHILDREN'S ‘

When your child needs a hospital, everything matters™


https://reporter.nih.gov/search/ArlpaOESqkiVba6TVnqERw/project-details/10485282

	Dr. Alex Wagner
	Slide 1
	Slide 2: Application of Genomic Knowledge Standards to the Genome Aggregation Database
	Slide 3: Genomic Medicine
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9: Breakdown of gnomAD cohort phenotypes
	Slide 10: Developing a Cohort Allele Frequency Model
	Slide 11: VRS Variants and Global Identifiers
	Slide 12: Developing High Throughput Variant Translation Tools
	Slide 13: A Variant Annotation Model and Python Toolkit
	Slide 14: Future work: CAF model and VRS at GA4GH Connect
	Slide 15: Coming in 2024-25: Cohort Allele Frequency from GREGoR
	Slide 16: Acknowledgements


