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https://nathanjamail.com/the-knowledge-and-execution-gap/


OVERVIEW OF RETURNING WHOLE GENOME DATA

2

• WHERE IT ALL BEGAN

• WHO ARE POTENTIAL STUDY PARTICIPANTS?

• WHAT GENETIC RESULTS/DATA MIGHT BE RETURNED?

• HOW MIGHT GENETIC RESULTS/DATA BE RETURNED?

• HOW TO INTERPRET RETURNED GENETIC DATA?

• EXPLORE MY GENETIC DATA
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U.S. FEDERAL INVESTMENT

https://obamawhitehouse.archives.gov/precision-medicine

https://obamawhitehouse.archives.gov/precision-medicine


GENETICS GOES HOLLYWOOD TO DOCU-SERIES

4
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DIRECT TO CONSUMER GENETIC TESTING (DTC-GT)

Phillips AM, Appl Transl Genom, 2016 Feb 2; 8:16-22. http://dx.doi.org/10.1016/j.atg.2016.01.001

N = 246

http://dx.doi.org/10.1016/j.atg.2016.01.001
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CELEBRITY TESTIMONIALS

https://www.youtube.com/watch?v=W5nyIAJlky4

https://www.aarp.org/health/healthy-living/info-2014/sheryl-crow-melissa-etheridge-beat-cancer.html

https://www.etonline.com/news/209150_exclusive_christina_applegate_youth_oregon_bad_moms_married_with_children

https://www.youtube.com/watch?v=W5nyIAJlky4
https://www.aarp.org/health/healthy-living/info-2014/sheryl-crow-melissa-etheridge-beat-cancer.html
https://www.etonline.com/news/209150_exclusive_christina_applegate_youth_oregon_bad_moms_married_with_children
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POTENTIAL RESEARCH PARTICIPANTS WANT THEIR

RAW GENETIC DATA

Middleton A, et al. J Med Genet 2015;52:571–574. doi:10.1136/jmedgenet-2015-103119

Q: If you were given all of your raw genomic data from a research study, 

what would you do with this? (n=6944) 

A: "I would seek out an interpretation of it" 62% (n=4320)



Project Dates
# genomes 
sequenced 

to-date
Platform Results Returned

Report to 
Health Record

Uninterpreted 
Data to 

Participants

Accredited 
Lab

Last updated

Harvard PGP 2005- 352 WGS Filtered Variants w/ Lit Annot No Yes (Variants) No Nov 2017

BWH/Harvard MedSeq 2011- 110 WGS Monogenic, Common, PGx Yes FASTQ Yes Nov 28, 2017

Mount Sinai HealthSeq
2012–
2015

40 WGS Monogenic, Common, PGx No BAM, VCF No paper

Mayo "10 scientists"
2012–
2014

10 WES Monogenic No Yes No paper

Institute for Systems Biology 
(ISB) Pioneer 100

2014 108 WGS Monogenic, Common, PGx No BAM, VCF No paper

BWH/BCH/Harvard BabySeq 
Project

2015– 160 WGS Monogenic, PGx Yes FASTQ Yes Nov 2017

Nevada Institute of 
Personalized Medicine

2015– 0 WES Monogenic, PGx No BAM, VCF No paper

NYGC Seeq.io 2016- ~500 WGS ancestry, microbiome No BAM No Feb 2017

NIH All of Us 2017- ? WGS ACMG 59, PGx ? ? Yes Paper 8/15/2019

100,000 Genomes Project (UK) 2015- 44,633 WGS Monogenic, PGx Yes Yes Yes January 2018
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RESEARCH PROGRAMS ARE NOW RETURNING

GENETIC DATA

Modified table from https://github.com/jasonbobe/sharing-genome-studies/blob/master/table.md; Hum Genomics. 2018 Feb 17;12(1):7. doi: 10.1186/s40246-018-0139-5.

https://allofus.nih.gov/sites/default/files/genetic-counseling-resource-funding-opportunity-webinar-december-10-2018.pptx

12/10/2018 NIH All of Us Webinar: 
Genomic Data returned includes: PGx, AMCG pathogenic findings, Ancestry data, and Raw data files

https://github.com/jasonbobe/sharing-genome-studies/blob/master/table.md
https://www.ncbi.nlm.nih.gov/pubmed/29454384
https://allofus.nih.gov/sites/default/files/genetic-counseling-resource-funding-opportunity-webinar-december-10-2018.pptx


WHO ARE POTENTIAL STUDY

PARTICIPANTS? 

EXAMPLE
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https://www.joinallofus.org/en
https://www.joinallofus.org/en


Persons in underrepresented 
populations will be prioritized.

The target percentage of 
persons in racial and ethnic
minorities is >45% and that of 
persons in under-represented
populations is >75%.
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WHO WILL BE A PART OF ALL OF US?

N Engl J Med 2019; 381:668-676 DOI: 10.1056/NEJMsr1809937

• Longitudinal cohort of ≥ 1,000,000 or more 

people living in the United States 

• Goal: “to accelerate research and improve 

health.. Uncover(ing) paths toward delivering 

precision medicine – or individualized 

prevention, treatment, and care – for all of us”

• How: By taking into account individual 

differences in lifestyle, socioeconomics, 

environment, and biology.

https://www.joinallofus.org/en
https://www.joinallofus.org/en
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GEOGRAPHY

KY: 20 participants (0.01%)

HI: 40 participants (0.02%)

VT: 60 participants (0.03%)

MT: 60 participants (0.03%)

https://www.researchallofus.org/data/data-snapshots/ accessed 09/06/2019

https://www.researchallofus.org/data/data-snapshots/
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AGE, SEX, & RACE/ETHNICITY

https://www.researchallofus.org/data/data-snapshots/ accessed 09/06/2019

>15% 

70+ years

>50% 

Non-White

https://www.researchallofus.org/data/data-snapshots/
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EDUCATION

https://www.researchallofus.org/data/data-snapshots/ accessed 09/06/2019

24.99%

23.94%
US 2018

13.1%

Skip

Prefer Not To Answer

Did not answer

Advanced degree (Master's, Doctorate, etc.)

College 4 years or more (College graduate)

1 to 3 years (Some college, Associate's Degree or technical school)

Grade 12 or GED (High school graduate)

Grades 9 through 11 (Some high school)

Grades 5 through 8 (Middle School)

Grades 1 through 4 (Primary)

Never attended school or only attended kindergarten

Education

0.13%

1.91%

0.73%

5.92%

17.02%

0.38%

0.54%

1.28%

23.15%

>25% 

Grade 12 or less

https://www.researchallofus.org/data/data-snapshots/
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ANNUAL HOUSEHOLD INCOME

https://www.researchallofus.org/data/data-snapshots/ accessed 09/06/2019

Skip

Prefer Not To Answer

Did not answer

$200,000 or more

$150,000- $199,999

$100,000- $149,999

$75,000-$99,999$

$50,000- $74,999

$35,000- $49,999

$25,000- $34,999

$10,000- $24,999

Less than $10,000

Annual Household Income

14.3%

12.4%

7.7%

11.0%

8.3%

8.4%

10.5%

4.9%

6.8%

0.9%

11.2%

3.6%

>25% 

<$25,000

https://www.researchallofus.org/data/data-snapshots/
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HEALTH STATES

https://databrowser.researchallofus.org/ accessed 09/06/2019

36,260 Participants

0.0% 0.5% 1.0% 1.5% 2.0% 2.5% 3.0% 3.5% 4.0%

Chronic schizophrenia

Schizoaffective schizophrenia

Paranoid schizophrenia

Schizophrenia

Mild mental retardation

Mental retardation

Alzheimer's disease

Minimal cognitive impairment

Impaired cognition

Dementia

8.7%

https://databrowser.researchallofus.org/


16

OTHER MAJOR USA POPULATION TRAITS

2019 INTERNET ACCESS

https://www.pewinternet.org/fact-sheet/internet-broadband/https://www.pewresearch.org/fact-tank/2019/04/22/some-americans-dont-use-the-internet-who-are-they/
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Some college College graduate
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https://www.pewinternet.org/fact-sheet/internet-broadband/
https://www.pewresearch.org/fact-tank/2019/04/22/some-americans-dont-use-the-internet-who-are-they/ft_19-04-22_noninternetusers_bar/
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OTHER MAJOR USA POPULATION TRAITS

2019 INTERNET ACCESS

https://www.pewinternet.org/fact-sheet/internet-broadband/https://www.pewresearch.org/fact-tank/2019/04/22/some-americans-dont-use-the-internet-who-are-they/
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< Grade 12 High school
graduate

Some college College graduate
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Access to 

broadband and non-

handheld computers  

much lower

https://www.pewinternet.org/fact-sheet/internet-broadband/
https://www.pewresearch.org/fact-tank/2019/04/22/some-americans-dont-use-the-internet-who-are-they/ft_19-04-22_noninternetusers_bar/


18Mamedova S, Pawlowski E (2018) A description of US adults who are not digitally literate. In: Hudson L (ed) Stats in Brief. US Department of Education, Washington DC

16%

16-65 yrs

35%

Hispanics

22%

Blacks

28%

55-65 yrs

41%

< Grade 12

17%

High school

Grad

OTHER MAJOR USA POPULATION TRAITS

DIGITAL ILLITERACY



WHAT CURATED GENETIC

RESULTS/DATA MIGHT BE

RETURNED?
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WHOLE GENOME SEQUENCING (WGS) AND

WHOLE EXOME SEQUENCING (WES)

20



RETURNING CURATED

GENETIC FINDINGS

ACMG 59 Pharmacogenes

https://www.genelex.com/what-is-pharmacogenetics/
www.acmg.net

21

https://www.genelex.com/what-is-pharmacogenetics/
http://www.acmg.net/


CURRENT RECOMMENDATIONS FOR

2⁰ FINDINGS IN CLINICAL WES/WGS

Secondary finding – a result not related to test indication

Example:  WES was ordered for a female patient with family history of 

breast and ovarian cancer

• Order was likely for BRCA1/BRCA2 variants

• Data also reveal an LDLR mutation associated with familial 

hypercholesterolemia

• ACMG recommends reporting both BRCA1/BRCA2 AND LDLR findings 

to patient
22



ACMG maintains and updates lists of gene-condition pairs to be reported

Current list is ACMG SF v2.0

(59 genes)(27 conditions)

Kalia et al (2017) Genet Med 19:249-255
23

CURRENT RECOMMENDATIONS FOR

2⁰ FINDINGS IN CLINICAL WES/WGS



Characteristics of “ACMG 59”:

Condition has established prevention, intervention, or treatment strategies

Gene has known highly penetrant mutations

Ecgpedia.org

Example:  Brugada syndrome and SCN5A Ile176Val (LOF)

Cardiac arrhythmia associated with sudden death

Implantable cardioverter-defibrillator is established prevention strategy

24

CURRENT RECOMMENDATIONS FOR

2⁰ FINDINGS IN CLINICAL WES/WGS



CHALLENGES FOR SECONDARY 

FINDINGS IN CLINICAL WES OR WGS

ACMG recommends reporting known and expected pathogenic variants

ClinVar Variant Classification

25Genet Med. 2015 May;17(5):405-24. doi: 10.1038/gim.2015.30. Epub 2015 Mar 5.

https://www.ncbi.nlm.nih.gov/pubmed/25741868


KNOWN/EXPECTED PATHOGENIC VARIANTS:

CLINVAR RESOURCE

The star rating represents variant’s review status, an indication of 

classification confidence

Practice Guideline

https://www.ncbi.nlm.nih.gov/clinvar/

Variants are classified by consequence

26



KNOWN/EXPECTED PATHOGENIC VARIANTS:

CLINVAR RESOURCE

The star rating represents variant’s review status, an indication of 

classification confidence

Reviewed by Expert Panel 

(e.g., CPIC)

https://www.ncbi.nlm.nih.gov/clinvar/

Variants are classified by consequence

27



KNOWN/EXPECTED PATHOGENIC VARIANTS:

CLINVAR RESOURCE

The star rating represents variant’s review status, an indication of 

classification confidence

Criteria provided; multiple 

submitters; no conflicts

https://www.ncbi.nlm.nih.gov/clinvar/

Variants are classified by consequence
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KNOWN/EXPECTED PATHOGENIC VARIANTS:

CLINVAR RESOURCE

The star rating represents variant’s review status, an indication of 

classification confidence

Criteria provided; multiple 

submitters; conflicts
Criteria provided; single 

submitter

https://www.ncbi.nlm.nih.gov/clinvar/

Variants are classified by consequence
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KNOWN/EXPECTED PATHOGENIC VARIANTS:

CLINVAR RESOURCE

The star rating represents variant’s review status, an indication of 

classification confidence

No assertion criteria provided

https://www.ncbi.nlm.nih.gov/clinvar/

Variants are classified by consequence

30



Example:  Geisinger required “pathogenic” variants to have

1) or                ClinVar rating 

OR

2) Predicted loss of function

OR

3) Both

Manicham et al (2018) JAMA Netw Open 1(5):e182140 31

AN APPLICATION OF REPORTING

2⁰ FINDINGS IN CLINICAL WES/WGS



CHALLENGES WITH RETURN OF ACMG RESULTS

ACMG recommendations evolve over time

56 gene-condition pairs 

including

MYLK and

Familial thoracic aortic 

aneurysm and 

dissection

2013

Kalia et al (2017) Genet Med 19:249-255

2016

59 gene-condition pairs

now including

ATP7B and Wilson disease

BMPR1A and Juvenile polyposis

SMAD4 and Juvenile polyposis

OTC and ornithine transcarbamylase deficiency

32



CHALLENGES WITH RETURN OF ACMG RESULTS

(2019) Genet Med 21:1467-1468 33

Population screening (?)

https://www.joinallofus.org/en
https://www.joinallofus.org/en


CHALLENGES WITH RETURN OF ACMG RESULTS

ClinVar annotations change over time

Before 2018

LRRK2 rs34637584

Autosomal dominant Parkinson disease 8 

2019

34



CHALLENGES WITH RETURN OF ACMG RESULTS

ClinVar annotations change over time

Before 2018

HFE rs1800562

Hereditary hemochromatosis 

2019

35
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Pharmacogenes

https://www.genelex.com/what-is-pharmacogenetics/

ACMG 59

www.acmg.net

RETURNING CURATED

GENETIC FINDINGS

https://www.genelex.com/what-is-pharmacogenetics/
http://www.acmg.net/


THE GENETICS OF DRUG RESPONSE

PHARMACOGENOMICS

VKORC1
CYP2C9

*1/*1 *1/*2 *1/*3 *2/*2 *2/*3

GG 5-7 mg 5-7 mg 3-4 mg 3-4 mg 3-4 mg

AG 5-7 mg 3-4 mg 3-4 mg 3-4 mg 0.5-2 mg

AA 3-4 mg 3-4 mg 0.5-2 mg 0.5-2 mg 0.5-2 mg

FDA (2017) Drug Label for Warfarin dosing 
(Prevention and treatment of various thrombotic disorder)

37



THE GENETICS OF DRUG RESPONSE

PHARMACOGENOMICS

CPIC is an expert panel that 

• Creates

• Curates

• Posts 

Gene/drug Clinical Practice Guidelines that are

• Freely available

• Peer-reviewed

• Evidence-based

• Updatable

https://cpicpgx.org/ 38

61 dosing guidelines

19 genes

46 drugs

As of 9/8/2019

ClinVar



CHALLENGES WITH RETURN OF PGX RESULTS

Pharmacogenomic 

recommendations 

VARY

by race/ethnicity or 

genetic ancestry

Johnson et al (2017) Clin Pharmacol Ther 102(3):397-404

39

Warfarin dosing



CHALLENGES WITH RETURN OF PGX RESULTS

Not enough data 

available in 

non-Europeans; 

therefore, the 

discovery of 

pharmacogenes for 

diverse populations 

are lagging

Sirugo, Williams, Tishkoff (2019) Cell 177(1):26-31
40



HOW MIGHT CURATED GENETIC

RESULTS/DATA BE RETURNED?

41



RETURN OF CURATED RESEARCH GENETIC RESULTS

Personal report

via snail mail

but

Not easily scalable

Expensive (?)

Mobile population

http://womenobgyn.net/education/gynecology-genetics/ 42



RETURN OF CURATED RESEARCH GENETIC RESULTS

43

Through your healthcare provider

but
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Through a Web-based tool

www.my46.org

My46 enables individuals to manage their results from genetic testing, whether it is a 

single result being offered for return or the hundreds of results that can be offered for 
return from tests based on WES and WGS

RETURN OF CURATED RESEARCH GENETIC RESULTS

but

http://www.my46.org/


WHAT RAW WGS/WES DATA

MIGHT BE RETURNED?

45
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RETURNING RAW WGS/WES DATA

Sequencer

FASTQ Reference

SAMBAM

VCF

Returning SAM, 

BAM, and/or 

VCF (?)

https://www.joinallofus.org/en
https://www.joinallofus.org/en


47Wright CF, Middleton A, Barrett JC et al. Wellcome Open Research 2017, 2:15 (doi: 10.12688/wellcomeopenres.10942.1)

+ 1GB reference

RETURNING RAW WGS/WES DATA



48https://faculty.washington.edu/browning/beagle/intro-to-vcf.html#example

RETURNING RAW WGS/WES DATA

VCF FORMAT

VCF considered “interpreted” data files and may require 

an investigational device exemption from the FDA



HOW MIGHT RAW WGS/WES 
BE RETURNED?

49



RETURN OF RAW WGS/WES DATA

50

Through a Web-based tool

www.my46.org

My46 enables individuals to manage their results from genetic testing, whether it is a single 

result being offered for return or the hundreds of results that can be offered for return from tests 
based on WES and WGS

but

http://www.my46.org/


RETURN OF RAW WGS/WES DATA

51

Other private storage tools

but 



WHAT TO DO WITH RAW 
WGS/WES DATA?
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WHAT TO DO WITH RAW WGS/WES DATA

53Middleton A, et al. J Med Genet 2015;52:571–574. doi:10.1136/jmedgenet-2015-103119

Q: If you were given all of your raw genomic data from a research study, 

what would you do with this? (n=6944) 

A: "I would seek out an interpretation of it" 62% (n=4320)



WHAT TO DO WITH RAW WGS/WES DATA

54https://anthrogenica.com/showthread.php?11870-Converting-vcf-to-csv



WHAT TO DO WITH RAW WGS/WES DATA

55https://anthrogenica.com/showthread.php?11870-Converting-vcf-to-csv



WHAT TO DO WITH RAW WGS/WES DATA

56

Using the UNIX/LINUX Environment…

https://www.coursera.org/specializations/genomic-data-science

Q: Who of the public will be able to do this?

https://www.coursera.org/specializations/genomic-data-science


WHAT TO DO WITH RAW WGS/WES DATA
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HOW TO INTERPRET GENETIC

DATA?

58



MY GENETIC PROFILE

59

* Immediate family approved public sharing
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MY GENETIC TRAITS
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MY GENETIC TRAITS

Cleft Chin

The DNA we tested tells us you probably have a 

cleft chin.

Omega-3

People with DNA like yours can sometimes have 

average omega-3 levels

Vitamin E

People with DNA like yours can sometimes have 

slightly lower vitamin E levels

I also probably have a unibrow, skin pigmentation, lighter hair…



THIRD PARTY INTERPRETATION (TPI) TOOLS

62

"Personalize your list 
of supplements unique 
to your genetics"

"Learn how to fix your 
brain according to 
your DNA make-up."



HOW MANY TPI TOOLS WOULD PEOPLE USE?

63

Survey of 870 DTC-GT consumers who downloaded their genetic data

Nelson SC, et al. AJHG 105, 122-133, July 3, 2019
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WHICH TPI TOOLS DID USERS TURN TO?

64

Survey of 870 DTC-GT consumers who downloaded their genetic data

Nelson SC, et al. AJHG 105, 122-133, July 3, 2019

“Promethease is a literature retrieval 

system that builds a personal DNA 

report based on connecting a file of 

DNA genotypes to the scientific findings 

cited in SNPedia."
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MY HEALTH-RELATED GENETIC TRAITS

SNP Summary Repute Publications Magnitude

rs1426654 probably light-skinned, European ancestry 18 2.7

rs189798 normal high myopia risk 1 2

rs10825992 decreased high myopia risk Good 1 2

rs2802292 Less likely to live to 100. Bad 10 2.5

rs1935949 1.27X likelihood of 'exceptional longevity' Good 1 2

?

$12 USD + 47K SNPs from AncestryDNA



WHERE TO SEEK HELP?



WHERE TO SEEK HELP?

https://pged.org/direct-to-consumer-genetic-testing/

Next steps: 
PCP, Genetic Health Professional, Test family members, Share data…. Re-test ???

https://pged.org/direct-to-consumer-genetic-testing/


MACRO SUMMARY – MIND THE GAPS

68

WHO ARE OUR STUDY PARTICIPANTS? 
EDUCATION, HEALTH STATUS, RESOURCES, LITERACY

HOW DO WE ENSURE EQUITY IN ACCESS, INTERPRETATION, & 

OPPORTUNITIES FOR ACTION?
DOES IT NEED TO BE EQUAL? WHAT ABOUT PRIVACY? RELATIVES?

HOW DO WE SUPPORT PARTICIPANTS OVER TIME?
ACMG/PGX/CLINVAR FINDINGS CHANGE…

WHO BEARS THE ONUS?
PARTICIPANT, RESEARCHER, FUNDING AGENCY, GOVERNMENT?
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Thank you
(and mind the gap)

70


