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PRECISION MEDICINE
THE CONCEPT

Right Patient

Right Drug

Right Dose

First Time

CLEVELAND



CLEVELAND

PRECISION MEDICINE RESEARCH
AGE OF GENOMIC DISCOVERY



https://www.ebi.ac.uk/gwas/

CLEVELAND

GWAS as of Sept 

2020:

4,694 publications

197,708 associated 

SNPs



PRECISION MEDICINE RESEARCH
AGE OF GENOMIC DISCOVERY

CLEVELAND

Bush, Oetjens, Crawford (2016) Nat Rev Genet 17(3):129-45



ELECTRONIC HEALTH RECORDS
ACCELERATING PRECISION MEDICINE RESEARCH

Bush, Oetjens, Crawford (2016) Nat Rev Genet 17(3):129-45

CLEVELAND



ARRA

HITECH Act

CMS EHR 

incentive 

programs

THE RAPID RISE OF EHRS

CLEVELAND



THE RAPID RISE OF EHRS

96% of reporting US 

hospitals have at least 

a basic EHR

https://www.healthit.gov/sites/default/files/data-brief/2014HospitalAdoptionDataBrief.pdfCLEVELAND



Bush, Oetjens, Crawford (2016) Nat Rev Genet 17(3):129-45
CLEVELAND

ELECTRONIC HEALTH RECORDS
ACCELERATING PRECISION MEDICINE RESEARCH



• Demographics

• Vitals

• Medical History

• Medical encounter

• Orders and prescriptions

• Laboratory tests

Structured and unstructured text

Structured

Structured and unstructured text

Structured and unstructured text

Structured

Structured
CLEVELAND

ELECTRONIC HEALTH RECORDS
ACCELERATING PRECISION MEDICINE RESEARCH



Disease 

Diagnosis

Laboratory 

Values 
Medications

CASE CASE

Billing codes

Procedure codes

Problems lists

Pendergrass and Crawford (2019) 

Curr Proc Hum Genet 100:e80

EXCLUDE

ELECTRONIC HEALTH RECORDS
ACCELERATING PRECISION MEDICINE RESEARCH

CLEVELAND
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ELECTRONIC HEALTH RECORDS
NOT YOUR PARENTS’ PAPER CHARTS

https://en.wikipedia.org/wiki/Medical_record

✓ Accessible

✓ Computable

✓ Scalable



CLEVELAND

ELECTRONIC HEALTH RECORDS
ACCELERATING PRECISION

MEDICINE IN THE CLINIC

Duffy DJ (2016) Brief Bioinform 17(3):494-504
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THE SCALE OF WHOLE GENOME

SEQUENCING DATA
• ADSP Discovery (578) 

27,896,774 

• ADSP Disc-Ext (1005) 

53,041,134

• ADSP Expansion (4795)

124 Million

• TOPMED (110,000)

410 Million

• ADSP FUS (30,000)

~300 Million 46% Singleton
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WHAT DO WE DO WITH THESE VARIANTS?
GWAS – Unit is a Variant Sequencing – Unit is…

Variant Chr Pos Alleles AF OR

rs190982 5 88223420 G/A 0.41 0.93 (0.90–0.95)

Lambert et al (2013) Nat Genet 45(12):1452–1458

“We identified a seventh signal adjacent to MEF2C (encoding myocyte enhancer 

factor 2). The MEF2C protein limits excessive synapse formation during activity-

dependent refinement of synaptic connectivity and thus may facilitate 

hippocampal-dependent learning and memory”

• A Gene?  

• UCSC, Ensembl, or Entrez gene 

definition?

• Only interested in coding variants?

• What are the exons of those genes?

• RefSeq or Ensembl Transcript 

definition?

• Care where those variants are 

expressed?

“Hypothesis-Free” – Statistically Driven Hypothesis-Based – Biologically Driven

AF
0.001

AF
0.0007

AF
0.003Grouping 

CLEVELAND



CLEVELAND

WES ANALYSIS OF ALZHEIMER’S

• Custom Annotation 

Pipeline

• High, Moderate, Low, 

Modifier impact 

categories

• Loss of Function

Bis et al (2020) Mol Psychiatry 25(8):1859-1875



CLEVELAND

WES ANALYSIS OF ALZHEIMER’S

• Custom Annotation 

Pipeline

• High, Moderate, Low, 

Modifier impact 

categories

• Loss of Function

Bis et al (2020) Mol Psychiatry 25(8):1859-1875



CLEVELAND

TISSUE CONTEXT IS IMPORTANT

Coding

Variants

Analysis Unit (Overall)

B
ra

in
 T

ra
n

sc
ri

p
ts

Analysis Unit (Brain)

Gene

Transcripts
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TISSUE CONTEXT IS IMPORTANT
ABCA7

4% of variant effects change

25% of gene units have at least one

effect change



CLEVELAND

PROTEIN-BASED INFORMATION

Tang ZZ, Sliwoski GR, Chen G, Jin B, Bush WS, Li B, Capra JA (in press) Genome Res

• AD signal region of 34 variants (out of a total of 214 considered) in SORL1

• Variants localize to the peptide binding tunnel and the dynamic 10CC region



BIG DATA TECHNOLOGIES

CLEVELAND
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OVERVIEW

RETURNING GENETIC RESULTS/DATA

• How we got here

• How might genetic results/data be returned?

• How to interpret returned genetic data?

CLEVELAND



U.S. FEDERAL INVESTMENT

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

CLEVELAND



GENETICS

HOLLYWOOD TO DOCU-SERIES

CLEVELAND
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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   (in 2016)



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 your raw genomic data from a research study, 

what would you do? (n=6944) 

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

CLEVELAND



HOW MIGHT GENETIC

RESULTS/DATA BE RETURNED?

CLEVELAND



RETURN OF CURATED RESEARCH

GENETIC RESULTS Personal report

via snail mail

but

Not easily scalable

Expensive (?)

Mobile population

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



RETURN OF CURATED RESEARCH

GENETIC RESULTS

Through your healthcare provider

but

CLEVELAND
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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



RETURN OF LARGE GENETIC

DATA FILES

Other private storage tools

but 

CLEVELAND



WHAT TO DO WITH LARGE 
GENETIC DATA FILES?

36

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

RETURNING RAW SEQUENCE DATA

VCF FORMAT

CLEVELAND



WHAT TO DO WITH RAW

SEQUENCE DATA

38

Using the UNIX/LINUX Environment…

https://www.coursera.org/specializations/genomic-data-science
Q: Who of the public will be able to do this?

CLEVELAND



HOW TO INTERPRET GENETIC

DATA?

39

CLEVELAND



THIRD PARTY INTERPRETATION

(TPI) TOOLS

40

"Personalize your list 
of supplements 
unique to your 
genetics"

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

CLEVELAND



MACRO SUMMARY

MIND THE GAPS
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?
AS FINDINGS IMPROVE AND CHANGE…

WHO BEARS THE ONUS?
PARTICIPANT, RESEARCHER, FUNDING AGENCY, GOVERNMENT?CLEVELAND
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BIOETHICS?

“the ethical 

implications and 

applications of 

health-related life 

sciences”

Illustration by Stephanie Dalton Cowan: 
https://www.hopkinsmedicine.org/news/publications/hopkins_medicine_magazine/
features/fall-2018/bioethics-gets-practical 

https://bioethics.msu.edu/about/what-is-bioethics 

https://www.nlm.nih.gov/bsd/bioethics.html 



CLEVELAND

RESEARCH ETHICS HISTORY OVERVIEW

• Early 20th Century
– No national or international regulations on human 

participants in research

– No research ethics committees, institutional review 

boards

– No consumer regulations

– No Food and Drug Administration (FDA)



CLEVELAND

ETHICAL, LEGAL, AND SOCIAL

IMPLICATIONS (ELSI)

• Identify and address issues raised by 

genomic research that would affect 

individuals, families, and society.



CLEVELAND

THE IMPORTANCE OF ENGAGEMENT

“Hands-off” research study

• Researchers get the data 

they want, and publish to 

the scientific community

• Possible 

translational/health impact

Engaged research study
• Greater research impact

• Improved research quality

• New research questions generated or fresh insights 
into research challenges

• Increased accountability and transparency of 
research

• Increased responsiveness of research to societal 
needs

• The potential to build trust between research 
institutions and society

• Increased visibility, both of the research and the 
researcher’s profile

• Addressing increased public interest in research and 
raising awareness of the outputs arising from the 
funding of research

https://www.ox.ac.uk/research/ 
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PRIMARY OPEN-ANGLE GLAUCOMA

POAG

Age

Genetics

sex

Ancestry
Ocular 

measures

Intraocular 
pressure

Myopia

https://nei.nih.gov/eyedata/glaucoma 



GENETIC STUDIES LACK DIVERSITY

CLEVELAND Sirugo, Williams, Tishkoff (2019) Cell 177(1):26-31
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COMMUNITY ENGAGEMENT EXAMPLE

https://www.atsdr.cdc.gov/communityengagement/  

Distribution of Race/Ethnicity in Greater Cleveland, Ohio. 
http://ohio.us.censusviewer.com/client 

https://www.universitysettlement.net/  



CLEVELAND

COMMUNITY ENGAGEMENT

AEOU Study Team
Dr. Erika Trapl

Dr. Sarah Koopman-
Gonzalez

Leah Cummings
Sara Kennedy

Leslie Castaneda
Leslie Richards
Bridget Croniger

University Settlement 
Partners

We aim to identify perceptions of and barriers to 

vision care and health in an ethnically diverse 

neighborhood in Cleveland, Ohio with overall low 

socioeconomic status. 

1. How do lower SES individuals conceptualize 

and value their vision and prioritize vision care?

2. Are perceptions and values of vision care similar 

across whites and African Americans? 

3. Do whites and African Americans of lower SES 

experience similar barriers to access to vision 

care?



Aim 1: Establish a 

Community Advisory Board 

comprised of Slavic Village 

neighborhood residents to 

facilitate discussion of vision 

health and construction of a 

qualitative interview guide.



CLEVELAND

ALL EYES ON US

PROGRESS TO DATE
Aim 2:  Assess perception, values, and barriers to vision health 

care among Slavic Village neighborhood residents. 

o 60 audio-recorded interviews

o 30 self-identified African American

o 30 self-identified White

o Remuneration

o 59 successfully recorded interviews transcribed

o Quality-control (double-check the transcription)

o Code for thematic elements

o Qualitative analyses preliminarily complete

o Dissemination  on hold, thanks COVID-19

o Future grant funding for integrated model of glaucoma risk

o Expanding clinical study to Broadway Eye clinic 

(MetroHealth System)

oSurveys informed by our qualitative interview findings

oDemographics

oClinical information

oBlood for DNA



PRECISION

MEDICINE

RESEARCH IS

MULTIDISCIPLINARY

CLEVELAND
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Will Bush, PhD, MS

Computer Science

Statistics

Bioinformatics

Human Genetics

Dana Crawford, PhD

Human Genetics

Human Genomics
Jessica Cooke Bailey, PhD, MA

Human Genetics

Molecular Genetics

Bioethics

Farren Briggs, PhD, ScM

Epidemiology

Genetic Epidemiology

Biostatistics
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QUESTIONS?

¿PREGUNTAS?


