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Genomic Variation in TOPMed



TOPMed Program
• Trans-Omics for Precision 

Medicine (TOPMed) Program

• A Precision Medicine Initiative 
sponsored by National Heart, 
Lung and Blood Institute

• Integrating whole-genome 
sequencing and other omics 
data

• >155k participants from >80 
studies



Calling Variation in TOPMed
Overcoming 
Challenges
• Multi-center sequence 

data
• Diverse ethnicity (across 

and within studies)
• Large number of 

component studies
• Unprecedented data set 

size
• Controlled access data

Centralized Calling
w/Efficient Scalable 
Pipelines

https://github.com/statgen/topmed_variant_calling

Deep Coverage
Mean depth  38.2x

Genome covered 99.6%



TOPMed Variant Call Set





Project Resources
• Sample Data Available under

dbGaP Controlled Access

• WGS Cram Files

• Variation Calls

• Phased Genotypes

• Structural Variant Calls (coming soon)

• Local Ancestry



Key Public Resources

Bravo Variant Brower

• https://bravo.sph.umich.edu

TOPMed Imputation Server

• https://imputation.biodatacatalyst.nhlbi.nih.gov

https://bravo.sph.umich.edu
https://imputation.biodatacatalyst.nhlbi.nih.gov


BRAVO – Browsing TOPMed Variation
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BRAVO Variant 
Browser

• https://bravo.sph.umich.edu

• Based on 132,345 deeply sequenced from 
TOPMed 

• 705 million variants observed 

• Variants browsing

• Annotation and quality information

• Functional Annotation

• Allele frequencies

• Read stacks supporting each genotype

• Limited to studies who explicitly agreed 

• Click-through license agreement 

SNPs and 
Indels Allele 

frequencies

Number of 
homozygous and 

heterozygous 
individuals

Allele Deleteriousness 
Scores (CADD)

Putative LoF 
Variants

Variant functional 
consequences

Supporting 
sequence reads

Quality 
metrics

https://bravo.sph.umich.edu/


BRAVO Features

Read Level Data Views

Programmatic Access (API)

Intuitive QC Metrics

Simple installation and recovery

Variant Browsing



BRAVO Variant Browser
• BRAVO allows secure access to summary information on ~700 M genetic 

variants in TOPMed

• Usage scenarios include:

• Checking allele frequency of candidate pathogenic variants

• Lookups of individuals carrying a rare pathogenic variant

• Interpretation of results from downstream association analyses

15



Genotype imputation
Key method used in GWAS to

• Increase the number of tested 
variants

• Fine-mapping becomes more 
complete

•Meta-analysis using different arrays



TOPMed Imputation

• Developed multi-ethnic reference panel based on 
TOPMed Freeze 8

• Michigan Imputation Server ported to AWS

• Released to public April 2020

• https://imputation.biodatacatalyst.nhlbi.nih.gov

• Registration as before, open access to TOPMed panel

• (Michigan Imputation Server accounts not transferred)

61%26%

6%8%

Panel Ancestry

European Ancestry
African Ancestry
Hispanic/Latino
Other/Unknown

https://imputation.biodatacatalyst.nhlbi.nih.gov


TOPMed Panel 
Compared

TOPMed_r2 HRC 1000G 
Genomes

N samples 97K 39K 2,500
Ancestry Multiethnic European Multiethnic

N variants 308M 39M 88M
Avg. depth 38X 8X 4X

Genome build 
Position b38 b37 b37



TOPMed_r2 Panel 

Variation 
type

Non-reference allele frequency bins

(0, 0.005] (0.005, 0.01] (0.01, 0.05] (0.05, 1) Totals
SNVs 270,352,495 3,365,284 5,330,340 7,020,861 286,068,980

Insertions 5,462,262 74,150 130,506 148,595 5,815,513
Deletions 15,406,052 185,606 297,186 333,748 16,222,592

Totals 291,220,809 3,625,040 5,758,032 7,503,204 308,107,085

Panel based on TOPMed Freeze 8



Imputation Panel Quality
European Ancestry



Imputation Panel Quality
African Ancestry



Imputation Panel Quality
European Ancestry African Ancestry East Asian Ancestry

Admixed American Ancestry South Asian Ancestry



http://imputationserver.sph.umich.edu


http://imputationserver.sph.umich.edu


TOPMed Imputation
• Rapid uptake: 10M genomes 

imputed in 6 months

• Expect panel to largely 
supplant 1000g & HRC

• Particularly benefits ethnically 
diverse cohorts 

• TOPMed-imputed UK 
BioBank to be made available 
(via UKBB)

• Satisfying GDPR-related 
concerns of European users 
remains a challenge



• UKBiobank samples imputed with TOPMed panel
• Of ~105k LoF panel variants ~50k well imputed with AF<0.5%
• 1,400 “PheCodes” analyzed against LoF

Trait N cases Signal
AF

P-val ORcase ctrl

Breast cancer 12,863

frameshift in CHEK2 0.5% 0.2% 2.3E-21 2.09

stop gained in PALB2 0.2% 0.04% 1.9E-13 4.39

Hereditary hemolytic 
anemias 156 frameshift in HBB 1.0% 0.002% 8.2E-49 706

Hematuria 16,379 stop gained in COL4A4 0.3% 0.054% 9.2E-09 7.03

Source: Sarah Gagliano

Imputation Panel Value
(signals not possible without TOPMed reference panel)



TOPMed Imputation 
Resources

• TOPMed Imputation Server
https://imputation.biodatacatalyst.nhlbi.nih.gov/

• Documentation
https://topmedimpute.readthedocs.io/

https://imputation.biodatacatalyst.nhlbi.nih.gov/
https://topmedimpute.readthedocs.io/


Additional Highlights 
at ASHG

• Session 51, #1339
“Trans-ethnic meta-analysis reveals novel loci, genes, and 
pathways regulating adult telomere length.”
Rebecca Keener
October 30, 2020, 10:45 AM - 11:00 AM

• Session 44, #1386
“A compendium of recurrent somatic variation in 46,080 
TOPMed whole genomes.”
Josh Weinstock
October 30, 2020, 5:30 PM - 5:45 PM



Key Resources
Bravo Variant Brower
• https://bravo.sph.umich.edu

TOPMed Imputation Server
• https://imputation.biodatacatalyst.nhlbi.nih.gov

Sample level data available under dbGaP 
controlled access
(Including BioData Catalyst)

https://bravo.sph.umich.edu
https://imputation.biodatacatalyst.nhlbi.nih.gov


Welcome!
Schedule

TOPMed Ancillary Session
October 26, 2020

11am-12:30 pm ET

www.nhlbiwgs.org/ashg-2020-ancillary-session

11:00 Program overview
NHLBI TOPMed Program

Weiniu 
Gan

11:15 Data overview & access
TOPMed Data Coordinating Center

Sarah 
Nelson

11:30 Genomic variation & imputation server
TOPMed Informatics Research Center

Albert 
Smith

11:45 NHLBI BioData Catalyst 
Focusing on Users

Rebecca 
Boyles

Audience Q&A

This session will be recorded.

http://www.nhlbiwgs.org/ashg-2020-ancillary-session

