x]

Published on NHLBI Trans-Omics for Precision Medicine (https://topmed.nhlbi.nih.gov)

About TOPMed

Updated 10/24/2023

Contents

Overview [1]
Study Characteristics [2]
o Study Designs [3]
o Participant Diversity [4]
Whole Genome Sequencing [5]
Omics [6]
Resources for the Scientific Community [7]

Overview

The Trans-Omics for Precision Medicine [8] (TOPMed) program, sponsored by the National Institutes of
Health [9] (NIH) National Heart, Lung and Blood Institute [10] (NHLBI), is part of a broader Precision
Medicine Initiative [11], which aims to provide disease treatments tailored to an individual’s unique genes
and environment. TOPMed contributes to this Initiative through the integration of whole-genome
sequencing (WGS) and other omics (e.g., metabolic profiles, epigenomics, protein and RNA expression
patterns) data with molecular, behavioral, imaging, environmental, and clinical data.

Study Characteristics

A primary goal of the TOPMed program is to improve scientific understanding of the fundamental
biological processes that underlie heart, lung, blood, and sleep (HLBS) disorders. TOPMed is providing
deep WGS and other omics data to pre-existing ‘parent’ studies [12] having large samples of human
subjects with rich phenotypic characterization and environmental exposure data.

Study Designs

As of September 2021, TOPMed consists of ~180k participants from >85 different studies with varying
designs. Prospective cohorts provide large numbers of disease risk factors, subclinical disease measures,
and incident disease cases; case-control studies provide large numbers of prevalent disease cases;
extended family structures and population isolates provide improved power to detect rare variant effects.
The phenotype pie chart below shows the numbers and percentages of participants in studies with a focus
on HLBS, as well as the percentage belonging to cohort studies that have collected many different
phenotypes. It also shows areas of focus within each of the major HLBS categories.
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Phenotype Focus
Phases 1-7 (~180K Participants)
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Participant Diversity

Achieving ancestral and ethnic diversity is a priority in selecting contributing studies. Currently, 60% of
the 180k sequenced participants are of predominantly non-European ancestry. Discovery of genotype-
phenotype associations frequently includes pooled analysis across ancestry groups and studies, using
statistical models that account for population structure and relatedness.

The pie chart below summarizes TOPMed participant diversity using a combination of self-identified or
ascriptive race/ethnicity categories, study inclusion criteria, or other demographic information provided by
study investigators. Please note that while groupings may correlate to some extent with genetic ancestry,
TOPMed recommends distinguishing between genetically and non-genetically inferred descriptions in
analyses and publications, as described in these Guidelines on the use and reporting of race, ethnicity, and
ancestry in TOPMed [13].
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Ancestry & Ethnicity

Phases 1-7 (~180K Participants)
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Whole Genome Sequencing

WGS was performed by several sequencing centers [14] to a median depth of 30X using DNA from blood,
PCR-free library construction and Illumina HiSeq X technology. A Support Vector Machine quality filter
was trained with known variants and Mendelian-inconsistent variants. The Informatics Research Center
[15] conducts joint genotype calling across all samples available to produce genotype data “freezes.”

In TOPMed data freeze 8, with variant discovery on ~186k samples, 811 million single nucleotide variants
and 66 million short insertion/deletion variants were identified and passed variant QC.

In TOPMed data freeze 9, variant discovery was initially made on ~206k samples including CCDG, but
subset to 158,470 TOPMed samples plus 2,504 1000 Genomes samples. 781 million single nucleotide
variants and 62 million short insertion/deletion variants were identified and passed variant QC. These
variant counts are slightly smaller than the corresponding numbers in data freeze 8 due to omitting sites
which show no variation in TOPMed samples. More information about WGS methods can be found under

Sequencing and Data Processing Methods [16].

Omics

TOPMed Omics data processing is being performed by several sequencing centers [14]. The program
requires that omics data be submitted to dbGaP, along with thorough documentation of biosampling and
laboratory methods, as well as sample provenance. Visit the Standards webpage [17] to find available
documented omics pipelines specific to omics type and phase. Below is a summary of the approved data
sources for each study/cohort name categorized by data type.

TOPMed WGS and Omics Summary of Approved Projects
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AFGen dbGaP IDs: phs001435 [68], phs001543 [69], phs001624 [70], phs001732 [71], phs001600 [72],
phs001189 [73], phs001546 [74], phs001606 [75], phs001547 [76], phs001725 [77], phs001545 [78],
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https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study_id=phs001608
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study_id=phs001735
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study_id=phs001569
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study_id=phs001682
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study_id=phs001468
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study_id=phs001215
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https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study_id=phs001207
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study_id=phs001446
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study_id=phs001387
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study_id=phs001514
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001435/phs001435.v2.p1/release_notes/Release_Notes.phs001435.TOPMed_WGS_AustralianFamilialAF.v2.p1.MULTI.pdf
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001543/phs001543.v2.p1/release_notes/Release_Notes.phs001543.TOPMed_CCDG_AFLMU.v2.p1.MULTI.pdf
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001624/phs001624.v2.p2/release_notes/Release_Notes.phs001624.TOPMed_CCDG_BioVU.v2.p2.MULTI.pdf
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001732/phs001732.v2.p1/release_notes/Release_Notes.phs001732.TOPMed_WGS_CARE_TREXA.v2.p1.MULTI.pdf
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001600/phs001600.v2.p2/release_notes/Release_Notes.phs001600.TOPMed_CCDG_CATHGEN.v2.p2.MULTI.pdf
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001189/phs001189.v4.p1/release_notes/Release_Notes.phs001189.TOPMed_WGS_CCAF.v4.p1.MULTI.pdf
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001546/phs001546.v2.p1/release_notes/Release_Notes.phs001546.TOPMed_WGS_DECAF.v2.p1.MULTI.pdf
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001606/phs001606.v2.p1/release_notes/Release_Notes.phs001606.TOPMed_WGS_EGCUT.v2.p1.MULTI.pdf
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001547/phs001547.v2.p1/release_notes/Release_Notes.phs001547.TOPMed_CCDG_GENAF.v2.p1.MULTI.pdf
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001725/phs001725.v2.p1/release_notes/Release_Notes.phs001725.TOPMed_CCDG_GGAF.v2.p1.MULTI.pdf
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001545/phs001545.v2.p1/release_notes/Release_Notes.phs001545.TOPMed_CCDG_INSPIRE_AF.v2.p1.MULTI.pdf

phs000993 [79], phs001598 [80], phs001062 [81], phs001434 [82], phs001544 [83], phs001024 [84],
phs001601 [85], phs001933 [86], phs000997 [87], phs001032 [88], phs001040 [89]

ATGC dbGaP IDs: phs001728 [90], phs001729 [91], phs001730 [92], phs001602 [93], phs001603 [94],
phs001604 [95], phs001605 [96], phs000920, phs001542 [97], phs001661 [98], phs001727 [99],
phs000921 [100], phs001467 [101]

Note: You may encounter phs links that redirect to a dbGaP error page in the table above. If so, this is
because the TOPMed dbGaP study webpages do not go live until the study accession is released.

Note: TOPMed is generating a rich resource of multi-omics data that will include approximately 40K
samples undergoing RNA-sequencing, 37K samples from metabolomics profiling, 57K samples from DNA
methylation, and 4K samples from proteomics assaying. These projected totals include all stages of
progress, from DNA/RNA that are currently being extracted, to those that are undergoing
sequencing/profiling, or those that have completed the sequencing/profiling pipelines. Therefore, most
omics data are in the process of being generated and will be released in the future.

Resources for the Scientific Community

TOPMed data are being made available to the scientific community as a series of “data freezes”: genotypes
and phenotypes via dbGaP; read alignments via the Sequence Read Archive (SRA); and variant summary
information via the Bravo variant server [102] (see figure below) and dbSNP. Genotypes for a set of 55k
samples have been released on dbGaP (freeze 5) and a freeze release of >140k samples is expected by

mid 2020 (freeze 8). TOPMed WGS data are contained in study-specific accessions with names containing
“NHLBI TOPMed”, while most phenotypic data are in parent study accessions. The TOPMed accessions
can be identified by searching the dbGaP web site for “TOPMed” [103]. More information about what data
are available and how to access it can be found on the Data Access [104] page.

TOPMed is currently adding other omic assays to samples that have been whole-genome sequenced; these
include RNAseq, metabolomics, proteomics and epigenomics.

Overview of Bravo variant server resources


https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs000993/phs000993.v5.p2/release_notes/Release_Notes.phs000993.TOPMed_WGS_HVH.v5.p2.MULTI.pdf
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001598/phs001598.v2.p1/release_notes/Release_Notes.phs001598.TOPMed_CCDG_JHU_AF.v2.p1.MULTI.pdf
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001062/phs001062.v5.p2/release_notes/Release_Notes.phs001062.TOPMed_CCDG_MGH_AF.v5.p2.MULTI.pdf
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001434/phs001434.v2.p1/release_notes/Release_Notes.phs001434.TOPMed_WGS_miRhythm.v2.p1.MULTI.pdf
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001544/phs001544.v2.p1/release_notes/Release_Notes.phs001544.TOPMed_CCDG_MPP.v2.p1.MULTI.pdf
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001024/phs001024.v5.p1/release_notes/Release_Notes.phs001024.TOPMed_WGS_Partners_AFGen.v5.p1.MULTI.pdf
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001601/phs001601.v2.p2/release_notes/Release_Notes.phs001601.TOPMed_CCDG_PMBB_AF.v2.p2.MULTI.pdf
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001933/phs001933.v1.p1/release_notes/Release_Notes.phs001933.TOPMed_CCDG_UCSF_AF.v1.p1.MULTI.pdf
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs000997/phs000997.v5.p2/release_notes/Release_Notes.phs000997.TOPMed_CCDG_VAFAR.v5.p2.MULTI.pdf
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001032/phs001032.v6.p2/release_notes/Release_Notes.phs001032.TOPMed_WGS_VUH_AF.v6.p2.MULTI.pdf
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001040/phs001040.v5.p1/release_notes/Release_Notes.phs001040.TOPMed_WGS_WGHS.v5.p1.MULTI.pdf
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001728/phs001728.v2.p1/release_notes/Release_Notes.phs001728.TOPMed_WGS_CARE_BADGER.v2.p1.MULTI.pdf
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001729/phs001729.v2.p1/release_notes/Release_Notes.phs001729.TOPMed_WGS_CARE_CLIC.v2.p1.MULTI.pdf
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001730/phs001730.v2.p1/release_notes/Release_Notes.phs001730.TOPMed_WGS_CARE_PACT.v2.p1.MULTI.pdf
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001602/phs001602.v2.p1/release_notes/Release_Notes.phs001602.TOPMed_WGS_ChildrensHS_GAP.v2.p1.MULTI.pdf
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001603/phs001603.v2.p1/release_notes/Release_Notes.phs001603.TOPMed_WGS_ChildrensHS_IGERA.v2.p1.MULTI.pdf
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001604/phs001604.v2.p1/release_notes/Release_Notes.phs001604.TOPMed_WGS_ChildrensHS_MetaAir.v2.p1.MULTI.pdf
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001605/phs001605.v2.p1/release_notes/Release_Notes.phs001605.TOPMed_WGS_CHIRAH.v2.p1.MULTI.pdf
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001542/phs001542.v2.p1/release_notes/Release_Notes.phs001542.TOPMed_WGS_GALAI.v2.p1.MULTI.pdf
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001661/phs001661.v3.p1/release_notes/Release_Notes.phs001661.TOPMed_WGS_GCPD_A.v3.p1.MULTI.pdf
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001727/phs001727.v2.p1/release_notes/Release_Notes.phs001727.TOPMed_WGS_PIMA.v2.p1.MULTI.pdf
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs000921/phs000921.v4.p1/release_notes/Release_Notes.phs000921.TOPMed_WGS_SAGE.v4.p1.MULTI.pdf
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001467/phs001467.v2.p2/release_notes/Release_Notes.phs001467.TOPMed_WGS_SAPPHIRE.v2.p2.MULTI.pdf
https://bravo.sph.umich.edu
https://www.ncbi.nlm.nih.gov/gap/advanced_search/?TERM=topmed
https://topmed.nhlbi.nih.gov/topmed-data-access-scientific-community

B - voj o J" https://bravo.sph.umich.edu/
| 16 rs2814778

Powered by Freeze5 on GRCh38 The dataset includes 463 million variants on 62784 individuals
Summary All Individuals  Variant Carriers Annotation || IGVplots |
- 0 0243 0.7 This variant falls on & | Heterozygous Homozygous
Filter Status PASS iy 08 transcripts belonging | TTATGT TTATGT
Existing variation S o5 07 to 3 genes
9 rs2814778 % 016 06 5'UTR ACKR1 I
Allele count 0.14 _ ENST00000368122 u n
32654/125568 f 012+ :’_ ENST00000537147 = u
Homozygous Alt Count|42815 O 0104 intron CADM3-AS1 N
c 00| 03+ ENST00000B09696 u —
CADD 16.8 2 22:" 02+ Upstream gene ]
- E o.oz: 01 CADM3-AS1 = =
Link to UCSC [T 00 = ENST00000415675 ]
: : o 10 20 30 40 50 60 70 80 90100 O 10 20 30 40 50 60 70 80 90 100 Downstream gene = =
Link to ClinVar o Sequence Depth Genotype Quality |cADM3 u
Frequency table Site Quality Metrics* = -
Population Allele % of PASS variants H
ulat - - [ 7T . =
Frequency QC metric Value = Percentile 2
0 20 40 60 8O 100 =
1000G African 0.9637 ™ 2273030  14.99 I - :
j u
10006 American {00778 |/ suirocore 105 3505 | [ NN |,
1000G East Asian | 0 H B
1000 Ewrpean o6 [ o158 oo | N ) |~
1000G South Asian | 0 TD: Total depth, SVM score: Suppoty vector machine quallt'\: score, NM1:Average number of = -
mismatches in reads showing the non-reference allele. Eac uallty metric heatmap represents ] ]
TOPMed Freeze5 0.2601 10 percentile bins starting from left (0-10%) to right (90-100%). The red arrow underneath each ]
GRCh38 heatma :{1 indicates the bin the variant belongs to. Bin color in icates the % of PASS variants [ ]
in it. *13 more quality metrics are displayed on the Bravo website. - =

This content was adapted from a poster [105] presented at the 2018 American Society of Human Genetics
(ASHG) meeting, “Overview of the NHLBI Trans-Omics for Precision Medicine (TOPMed) program: Whole
genome sequencing of >100,000 deeply phenotyped individuals” (Poster 3145/T).

Source URL (modified on 10/24/2023 - 2:05pm):https://topmed.nhlbi.nih.gov/about?mini=2018-04
Links
[1] https://topmed.nhlbi.nih.gov/about#Overview [2] https://topmed.nhlbi.nih.gov/about#Study Characteristics [3]

https://topmed.nhlbi.nih.gov/about#Study Designs [4] https://topmed.nhlbi.nih.gov/about#Participant Diversity [5]
https://topmed.nhlbi.nih.gov/about#Whole Genome Sequencing [6] https://topmed.nhlbi.nih.gov/about#Omics [7]
https://topmed.nhlbi.nih.gov/about#Resources for the Scientific Community [8]

https://www.nhlbi.nih.gov/science/trans-omics-precision-medicine-topmed-program [9] https://www.nih.gov/ [10]
https://www.nhlbi. n1h gov/ [11] https: //ghr nlm. n1h gov/prlmer/pre01510nmed1c1ne/1n1t1at1ve [12]

short name&amp sort=asc [13]

https://topmed.nhlbi.nih.gov/group/sequencing-centers [15] https://topmed.nhlbi.nih.gov/group/irc [16]
https://topmed.nhlbi.nih.gov/data-sets [17] https://topmed.nhlbi.nih.gov/standards [18]
https://topmed.nhlbi.nih.gov/about#Notes [19]
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study_id=phs001416 [20]
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study id=phs001395 [21]
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study id=phs001211 [22]
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study id=phs001402 [23]
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study id=phs000993 [24]
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study id=phs001612 [25]
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study id=phs001515 [26]
http://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study id=phs002358 [27]


https://topmed.nhlbi.nih.gov/sites/default/files/ASHG2018_TOMed_overview_v10.pdf
https://topmed.nhlbi.nih.gov/about?mini=2018-04
https://topmed.nhlbi.nih.gov/about#Overview
https://topmed.nhlbi.nih.gov/about#Study
https://topmed.nhlbi.nih.gov/about#Study
https://topmed.nhlbi.nih.gov/about#Study
https://topmed.nhlbi.nih.gov/about#Participant
https://topmed.nhlbi.nih.gov/about#Whole
https://topmed.nhlbi.nih.gov/about#Whole
https://topmed.nhlbi.nih.gov/about#Omics
https://topmed.nhlbi.nih.gov/about#Resources
https://topmed.nhlbi.nih.gov/about#Resources
https://topmed.nhlbi.nih.gov/group/project-studies?field_is_this_a_value=sub&&order=field_this_study_s_short_name&sort=asc
https://topmed.nhlbi.nih.gov/group/project-studies?field_is_this_a_value=sub&&order=field_this_study_s_short_name&sort=asc
https://topmed.nhlbi.nih.gov/group/project-studies?field_is_this_a_value=sub&&order=field_this_study_s_short_name&sort=asc
https://topmed.nhlbi.nih.gov/guidelines-use-and-reporting-race-ethnicity-and-ancestry-topmed
https://topmed.nhlbi.nih.gov/guidelines-use-and-reporting-race-ethnicity-and-ancestry-topmed
https://topmed.nhlbi.nih.gov/group/sequencing-centers
https://topmed.nhlbi.nih.gov/group/sequencing-centers
https://topmed.nhlbi.nih.gov/group/irc
https://topmed.nhlbi.nih.gov/data-sets
https://topmed.nhlbi.nih.gov/data-sets
https://topmed.nhlbi.nih.gov/standards
https://topmed.nhlbi.nih.gov/about#Notes
https://topmed.nhlbi.nih.gov/about#Notes

https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study id=phs001927 [28]
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study id=phs000974 [29]
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study id=phs002194 [30]
http://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study id=phs002302 [31]
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study_id=phs001237 [32]
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study _id=phs001662 [33]
http://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study id=phs001607 [34]
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study id=phs001466 [35]
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study id=phs000951 [36]
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study id=phs000946 [37]
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study _id=phs002038 [38]
https://www.ncbi.nlm.nih.gov/gap/study/status/40487 [39]
http://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study id=phs002338 [40]
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study id=phs001412 [41]
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study id=phs000956 [42]
https://topmed.nhlbi.nih.gov/ [43]

https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study id=phs001143 [44]
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study _id=phs001644 [45]
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study id=phs001599 [46]
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study id=phs000954 [47]
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study id=phs001368 [48]
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study id=phs001726 [49]
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study id=phs000988 [50]
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study id=phs001472 [51]
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study _id=phs001218 [52]
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study id=phs001217 [53]
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study id=phs001359 [54]
http://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study id=phs001345 [55]
http://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study id=phs001293 [56]
http://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study id=phs000964 [57]
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study_id=phs001608 [58]
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study id=phs001735 [59]
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study id=phs001569 [60]
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study id=phs001682 [61]
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study id=phs001468 [62]
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study id=phs001215 [63]
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study_id=phs000972 [64]
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study _id=phs001207 [65]
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study id=phs001446 [66]
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study id=phs001387 [67]
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study id=phs001514 [68]
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001435/phs001435.v2.pl/release notes/Release Notes.phs001435.T
OPMed WGS AustralianFamilialAF.v2.p1.MULTIL.pdf [69]
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001543/phs001543.v2.pl/release notes/Release Notes.phs001543.T
OPMed CCDG AFLMU.v2.p1.MULTIpdf [70]

https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001624/phs001624.v2.p2/release notes/Release Notes.phs001624.T
OPMed CCDG BioVU.v2.p2.MULTILpdf [71]
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001732/phs001732.v2.pl/release notes/Release Notes.phs001732.T
OPMed WGS CARE TREXA.v2.p1.MULTLpdf [72]
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001600/phs001600.v2.p2/release notes/Release Notes.phs001600.T
OPMed CCDG CATHGEN.v2.p2.MULTI.pdf [73]
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001189/phs001189.v4.p1/release notes/Release Notes.phs001189.T



https://topmed.nhlbi.nih.gov/
https://topmed.nhlbi.nih.gov/

OPMed WGS CCAF.v4.p1.MULTI.pdf [74]

https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001546/phs001546.v2.pl/release notes/Release Notes.phs001546.T
OPMed WGS_DECAF.v2.p1. MULTLpdf [75]
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001606/phs001606.v2.pl/release notes/Release Notes.phs001606.T
OPMed WGS EGCUT.v2.p1.MULTI.pdf [76]
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001547/phs001547.v2.pl/release notes/Release Notes.phs001547.T
OPMed CCDG GENAF.v2.p1.MULTILpdf [77]
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001725/phs001725.v2.p1/release notes/Release Notes.phs001725.T
OPMed CCDG GGAF.v2.p1.MULTI.pdf [78]
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001545/phs001545.v2.pl/release notes/Release Notes.phs001545.T
OPMed CCDG INSPIRE AF.v2.p1.MULTIL.pdf [79]
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs000993/phs000993.v5.p2/release notes/Release Notes.phs000993.T
OPMed WGS HVH.v5.p2.MULTL.pdf [80]

https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001598/phs001598.v2.p1/release notes/Release Notes.phs001598.T
OPMed CCDG JHU AF.v2.p1.MULTI.pdf [81]
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001062/phs001062.v5.p2/release notes/Release Notes.phs001062.T
OPMed CCDG MGH AF.v5.p2.MULTL.pdf [82]
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001434/phs001434.v2.pl/release notes/Release Notes.phs001434.T
OPMed WGS miRhythm.v2.p1.MULTI.pdf [83]
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001544/phs001544.v2.p1/release notes/Release Notes.phs001544.T
OPMed CCDG MPP.v2.p1.MULTIL.pdf [84]

https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001024/phs001024.v5.pl/release notes/Release Notes.phs001024.T
OPMed WGS Partners AFGen.v5.p1.MULTI.pdf [85]
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001601/phs001601.v2.p2/release notes/Release Notes.phs001601.T
OPMed CCDG PMBB AF.v2.p2.MULTI.pdf [86]
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001933/phs001933.v1.pl/release notes/Release Notes.phs001933.T
OPMed CCDG UCSF AF.v1.pl1.MULTI.pdf [87]
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs000997/phs000997.v5.p2/release notes/Release Notes.phs000997.T
OPMed CCDG VAFAR.v5.p2.MULTIL.pdf [88]
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001032/phs001032.v6.p2/release notes/Release Notes.phs001032.T
OPMed WGS VUH AF.v6.p2.MULTI.pdf [89]
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001040/phs001040.v5.p1/release notes/Release Notes.phs001040.T
OPMed WGS WGHS.v5.p1.MULTI.pdf [90]
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001728/phs001728.v2.pl/release notes/Release Notes.phs001728.T
OPMed WGS CARE BADGER.v2.p1.MULTLpdf [91]
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001729/phs001729.v2.pl/release notes/Release Notes.phs001729.T
OPMed WGS CARE CLIC.v2.p1.MULTIpdf [92]
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001730/phs001730.v2.p1/release notes/Release Notes.phs001730.T
OPMed WGS CARE PACT.v2.p1.MULTLpdf [93]
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001602/phs001602.v2.p1/release notes/Release Notes.phs001602.T
OPMed WGS ChildrensHS GAP.v2.p1.MULTI.pdf [94]
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001603/phs001603.v2.pl/release notes/Release Notes.phs001603.T
OPMed WGS ChildrensHS IGERA.v2.p1.MULTI.pdf [95]
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001604/phs001604.v2.p1/release notes/Release Notes.phs001604.T
OPMed WGS ChildrensHS MetaAir.v2.p1.MULTI.pdf [96]
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001605/phs001605.v2.p1/release notes/Release Notes.phs001605.T
OPMed WGS CHIRAH.v2.p1.MULTI.pdf [97]
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001542/phs001542.v2.pl/release notes/Release Notes.phs001542.T
OPMed WGS GALAILv2.p1.MULTILpdf [98]
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001661/phs001661.v3.pl/release notes/Release Notes.phs001661.T
OPMed WGS GCPD A.v3.p1.MULTI.pdf [99]
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001727/phs001727.v2.p1/release notes/Release Notes.phs001727.T



OPMed WGS PIMA.v2.p1.MULTI.pdf [100]
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs000921/phs000921.v4.pl/release notes/Release Notes.phs000921.T
OPMed WGS SAGE.v4.p1.MULTI.pdf [101]
https://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs001467/phs001467.v2.p2/release notes/Release Notes.phs001467.T
OPMed WGS SAPPHIRE.v2.p2.MULTI.pdf [102] https://bravo.sph.umich.edu [103]
https://www.ncbi.nlm.nih.gov/gap/advanced _search/?TERM=topmed [104]
https://topmed.nhlbi.nih.gov/topmed-data-access-scientific-community [105]
https://topmed.nhlbi.nih.gov/sites/default/filessASHG2018 TOMed overview v10.pdf



https://topmed.nhlbi.nih.gov/topmed-data-access-scientific-community
https://topmed.nhlbi.nih.gov/topmed-data-access-scientific-community
https://topmed.nhlbi.nih.gov/sites/default/files/ASHG2018_TOMed_overview_v10.pdf
https://topmed.nhlbi.nih.gov/sites/default/files/ASHG2018_TOMed_overview_v10.pdf

