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Background

* Premises

— Sequencing technology will advance enough to produce clinically
meaningful results

— Whole genome sequencing will be cost-effective and comparable to
other diagnostic tests

e (Questions

— What are the necessary knowledge and skill sets required for
analyzing, interpreting, and utilizing genomic information? From a
laboratory perspective? From a clinical perspective?

— Given the range of skills needed to turn genomic information into
clinically actionable medical practice, what are the training needs for
an individual and what is not being addressed?

— What is needed to translate genomic information from the lab to the
provider? Will collaborative medicine be needed to interpret genomic
information?



But first...

e What can be learned from WGS that will
contribute to medical care?

* How will WGS be incorporated into the clinical
workflow?
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Carrier Testing

Table 3 | SNPs matching HGMD mutations causing disease or other phenotypes

HGMD accession  Chromosome Coordinate HUGO symbel Gene name Cytogenetic  Phenotype Zygosity
CMDD3589 1 97937679 DPYD Dihydropyrimidine dehydrogenase 1q22 Dihydropyrimidine Heterozygous
dehydrogenase deficiency
CM950484 1 157441578 FY Duffy blood-group antigen 1g Duffy blood group antigen, Homozygous™*
absence
CM242034 4 619702 PDE&B Phosphodiesterase 6B, cGMP-specific, 4pl6.3 Retinitis pigmentosa 40 Heterozygous
rod, beta
CMo21718 9 36208221 GNE UDP-M-acetylglucosamine 2-epimerase 9p Myopathy, distal, with rimmed  Heterozygous
vacuoles
CM220633 10 50348375 ERCCo Excision repair cross-complementing 10q Cockayne syndrome Homozygoust
rodent repair deficiency,
complementation group 6 protein (C5B)
CMOD50716 11 76531431 MYOTA Myosin VIILA 119135 Usher syndrome 1b Homozygoust
CMS50928 12 46812979 PFEM Phosphofructokinase, muscle 12q13.3 Glycogen storage disease 7 Homozygous*
CMD32029 14 20859880 RPGRIP1 Retinitis pigmentosa GTPase regulator  14g11 Cone-rod dystrophy Heterozygous
interacting protein 1
CMSB4025 19 18047618 IL1ZRE1 Interleukin-12 receptor, beta 1 19pl13.1 Mycobacterial infection Heterozygous
CMO024138 19 41014441 MPH51 Mephrosis-1, congenital, Finnish type 19q Congenital nephrotic syndrome, Heterozygous
Finnish type
CM910052 22 49410905 ARSA Arylsulphatase A 22q Metachromatic leukodystrophy  Heterozygous
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Your Genetic Data
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Genes vs. Environment

The heritability of type 2 diabetes is estimated to be 26%. This means that environmental factors contribute more
26 % to differences in risk for this condition than genetic factors. Genetic factors that play & role in type 2 diabetes
Aﬁg:ﬁﬁlz: to include both unknown factors and known factors such as the SNPs we describe here. Environmental factors
include obesity, gestational diabetes, giving birth to at least one baby weighing nine pounds or more, high blood
pressure, abnormal cholesteral levels, physical inactivity, polyeystic ovarian syndrome, other clinical conditions
associated with insulin resistance, a history of impaired glucose tolerance or impaired fasting glucose, and a
history of cardiovascular disease. (s0Urces)



WGS Workflow
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What are the necessary knowledge and skill sets
required for analyzing, interpreting, and utilizing
genomic information?

* Focus on competencies, not knowledge ...

* ... point-of-care decision support tools may
guide clinical use ...

e .. buta health provider should
be able to explain why, not only
what and how




Non-Specialist Health Provider
Competencies for WGS

Explain the concept of carrier status and provide
referral to a genetic counselor.

Recognize indications for cytogenomic testing
and WGS in diagnostic evaluation and order tests
as appropriate.

Use pharmacogenetic data to guide choice of
medication and dosage.

Formulate an individualized management plan to
mitigate risks of chronic disease.

Refine differential diagnosis based on genomic
tests for disease susceptibility.



Laboratory Geneticist
Competencies for WGS

Use bioinformatic tools and databases to
interpret results of WGS.

Annotate genomic data in light of phenotypic
information.

Provide point-of-care tools and information to
guide clinical decision-making.

Interpret genomic data for use by clinicians.



What are the training needs for an individual
and what is not being addressed?

* Need to establish a vector of competency
— Attract students to careers

— Health professional students should enter better
prepared

— Integrate genetics into health professional
education and residency

— MOC may present an opportunity

: ‘\‘\\ \\-\\\\
\ Pre-health > . Medical \ Residency > CME/MOC
education /H




Medical Education

Competency M3
Use the principles of genetic transmission, molecular biology of the

human genome, and population genetics to infer and calculate risk of
disease, to institute an action plan to mitigate this risk, to obtain and
interpret family history and ancestry data, to order genetic tests, to
guide therapeutic decision making, and to assess patient risk.
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ACMGF Summer Scholars Program

American College of Medical Genetics Foundation

Summer Genetics Scholars Program
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Better Health Through Genetics® |
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What is needed to translate genomic information from the lab to the
provider? Will collaborative medicine be needed to interpret genomic
information?

We are a long way from having fully annotated
the genome

Point-of-care decision support tools need to
be deployed

Collaborative partnerships will be key
New counseling paradigms will be needed



Genome Annotation
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American College of Medical Genetics

Medical Genetics: Translating Genes Into Health®

' Competencies for the Physician Medical
Geneticist in the 21st Century

Report of a Working Group of the American College of
Medical Genetics

Competency 9: Provide counseling to individuals regarding the application of whole
genome or whole exome sequencing.

Learning Objectives:

1. Explain to an individual contemplating whole exome or genome analysis the
potential risks, benefits and limitations of the information that will be obtained
and facilitate informed decision-making.

2. Prioritize the information obtained from whole exome or genome analysis,
including carrier status for recessive disorders, single gene disorders,
pharmacogenetic traits, and alleles that confer risk of common disease, in
providing feedback and counseling.

3. Describe potential risks and benefits that may be associated with disclosing risks
of adult-onset disorders in children.

4. Utilize genomic databases and bioinformatics tools to filter results on genetic
variants and assess their clinical significance.

5. Explain the difference between variants of known clinical significance and
variants of unknown clinical significance in providing counseling on whole exome
or genome analysis.

6. Explain the concepts of odds ratio and relative and absolute risk, and the
limitations in interpretation of genotypic data regarding risk of common disease.
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Personal Genomics: A Disruptive
Technology?

Physician/Counselor -
One gene at a time —

Consumer-driven
Genomic testing

Performance

Time

Modified from Christensen et. al. The Innovator’s Prescription



Disruptive Technology Examples

Sustaining Technology Disruptive Technology
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You will need QuickTime 5
o view the video resources
in this site.

learning about it?

A resource from the Harvard Medical School Center
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Massachusetts Department of Public Health.
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to invent itssmee.. -
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