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Training PAs in Genomics: 
A Case-Study Approach



• Three modules consisting of 10 minute 
lectures followed by 15-20 minute small 
group breakout room sessions 
• There will be a set of questions to work 

through with your group during each breakout 
room.

• A moderator will be available in each breakout 
room to answer any questions that come up.

• Debriefs of 5-10 minutes with larger group will 
follow Module 1 and Module 3

• A link to post-workshop survey will be 
provided. We appreciate your feedback!

Today’s Workshop 
MODULE 1: 

Test Selection:
Review of Testing Platforms and 

ELSI Considerations

MODULE 2: 

Result Review:
Evaluating and Investigating 

Genetic Test Reports

MODULE 3: 

Result Discussion: 
Explaining Results To 
Patients and Families 



Interested in genomics education? Join ISCC-PEG!

• Inter-Society Coordinating Committee for 
Practitioner Education in Genomics (ISCC-PEG)
• Over 200 Members
• Supported by NHGRI
• Free to join
• Collaborate to:

• Identify educational needs and potential solutions
• Share best practices in educational approaches 
• Develop educational resources

• Scholars program:
• Open to students/trainees
• Mentored by an ISCC-PEG member 
• Two-year appointment with travel funded for the 

annual ISCC-PEG in-person meeting 
• Applications due ~October 1, 2023

genome.gov/iscc
Please visit:
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Sabrina Malone Jenkins, MD
Assistant Professor, Department of Pediatrics, University of Utah

Part 1: Test Selection: Review of 
Testing Platforms and ELSI 
Considerations



Based on the patient's phenotype and known disease 
associations

Based on phenotype complexity – not specific for any one disease

Targeted testing – based on known variants in a family

Approaches to testing



• Chromosomal Disorders 
• Aneuploidies (e.g. Trisomy 21,18, 13)
• Deletion/duplication syndromes (e.g. 22q11.2 deletion syndrome, Williams syndrome)
• Chromosomal Rearrangements (balanced and unbalanced)
• Imprinting Disorders (e.g. Prader-Willi syndrome)

• Gene-specific disorders
• Disorders with hotspot variants (e.g. sickle cell anemia, achondroplasia)

• Disorders with single gene (e.g. cystic fibrosis, PKU)

• Disorders  with multiple genes (e.g. Tuberous sclerosis; 2 gene panel, Cornelia de Lange; 8 gene panel)

• Disorders with many genes (e.g. ID/DD, seizures, hearing loss, cardiomyopathy, breast cancer)

• Multifactorial disorders
• Disorders that result from combination of lower penetrance risk alleles and environmental factors (e.g., 

most cancers, heart disease, Alzheimer’s disease)

Types of Genetic Disorders



Gene Variants
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Chromosomes are like 
chapters in a book

Genes are like 
sentences in a chapter

Variants are like changes 
to the sentence.

The term ‘Variant’ is now preferred to ‘Mutation’



Common Types of Variants

Inter-Society Coordinating Committee for Practitioner Education in Genomics (ISCC-PEG)

Missense Variants
Change one letter or word

Insertion Variants
Add one letter or word

Nonsense Variants
End the sentence too soon

Deletion Variants
Remove letters or words



Ethical/Legal Implications
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ImplicationsEthical/Legal Issue
• Suggests that parents are relatedRegion of Homozygosity (ROH) can be identified 

on microarray and whole genome sequencing

• Suggests lack of biological relationships of parents/siblingsNon-paternity can be detected with 
exome/genome/gene panels

• Diminished ability to make a diagnosis in 
marginalized/underrepresented groups compared to 
White/European populations

Disease-causing alleles for non-Europeans are 
underrepresented

• Institutional/other billing
• Role of insurance?
• What is equitable?

Limited financial resources/billing

• Protects patients from discrimination in seeking 
employment/health insurance

• Does NOT protect from access to long-term disability, life 
insurance, and health insurance/employment for companies 
<15 people

GINA (Genetic Information Non-Discrimination 
Act)



Types of Genetic Tests
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Factors to consider



Inter-Society Coordinating Committee for Practitioner Education in Genomics (ISCC-PEG)



• Panel/exome/genome is bestDoes NOT detect single gene 
conditions 

• Parental testing needed
Does NOT determine whether 
the change was inherited or 

not 

• Karyotype is best for aneuploidy recurrence 
risk calculation and translocations

Does NOT identify 
translocations 

• Karyotype and/or FISH is bestLess sensitive in detection of 
mosaicism

Limitations of Microarray



Next-Generation Sequencing (NGS)
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Exome/Genome Yield
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60% (all indications 
combined)

Complex metabolic (including liver disease); 
unexplained seizures, hypotonia; multiple 
anomalies with normal array

Gubbels
2019

Test Yield Population Tested Reference

50% Suspected monogenic disorder Lunke 2020

28-45% Differences of sexual development
Vilain 2017; 
Fan 2017

25% Non-immune fetal hydrops Mone 2021

20% Unexplained critically ill
Kingsmore

2019



• Open the Google Form @ ***

• Work as a team to answer the questions. 

• One person should read aloud the questions and submit the group's 
answers. 

• When you are accessing different websites, your group should have 
one person share their screen.

• Keep an eye on the time! Don't worry if you don't get to every question, 
as we will go over the answers at the end.

Breakout Room Instructions
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Breakout Room 1
A two-year-old male presents to your clinic to establish care. 
Reviewing the medical records, he has a history of 
development delay and multiple congenital anomalies. You 
think he may have a genetic condition and want to do testing.

What social and ethical factors should be weighed when 
deciding what genetic test to order?

LOGISTICS/FINANCIAL LEGAL/ETHICAL PSYCHOSOCIAL



• Social/ethical factors
• Financial coverage
• Impact to family, e.g., non-paternity
• Turnaround time, family anxiety

• Karyotype is best for Turner’s and Klinefelter

• When would you order exome/genome?

Breakout 1 Summary
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Rachel Palmquist, MS, CGC
Certified Genetic Counselor, Department of Pediatrics, University of Utah School of Medicine

Part 2: Result Review: Evaluating 
and Investigating Genetic Test 
Reports



Variant 
Filtration and 
Prioritization 

Variant 
Curation

Variant 
Classification

The 
Variant 

Interpretation 
Process



• Millions of variants within any genome

• Number of variants detected increases 
with number of genes sequenced

Variant Filtration and 
Prioritization:

The process of filtering out variants 
and ranking candidate variants for 

further evaluation

Variant Curation:
The process of researching a variant 

to collect evidence for or against 
pathogenicity

• Review of previous reports of the variant 
in cases and controls (e.g. in literature, 
variant databases, internal lab cases)

• Review of functional data (predictive 
algorithms and experimental studies)



Variant Classification:
The process of weighing evidence 

for or against pathogenicity to 
assign a variant interpretation Richards et al., 2015

Each piece of evidence is assigned an evidence 
type (pathogenic or benign) and a strength level

• Pathogenic: Very Strong, Strong, Moderate, 
Supporting

• Benign: Strong, supporting

Evidence is added up and must meet minimum 
requirements for classifying as LP/P or LB/B

If there is not enough evidence to meet minimum 
requirements OR if there is conflicting evidence 
supporting both pathogenic and benign, the variant 
is considered of uncertain significance



Weighing 
Criteria
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Clinical Interpretation of Variants 

Not a perfect 
system-

classification may 
differ between labs 

and from clinical 
interpretation

Is there additional follow 
up that could inform 

interpretation?
e.g. family testing, biochemical 
labs, providing lab with detailed 

phenotype data

Does my patient’s clinical 
presentation inform 

interpretation?

How did the laboratory 
arrive at this classification?

e.g. strong evidence, lack of 
available evidence, conflicting 

evidence

Utilize genetic 
professionals to 

assist in this process



Reviewing Genetic Test Reports

Chr#: Genome sequence changed from G to T 

Reference transcript Gene cDNA sequence 
changed from C to A

Protein sequence changed 
from alanine to glutamic acid

GRCh37(hg19)(BRCA1)17:g.41215920G>T (p.A1708E)
NM_007294.3(BRCA1):c.5123C>A (p.Ala1708Glu)

Reference genome Gene

N
o
m

en
cl

at
u
re

• The Written Test Report Will Describe 
• If there is predictive or functional evidence that the variant impacts the gene
• If the change has been seen before in individuals with the associated health 

condition
• If the variant is in the “healthy” population
• If the variant segregates with family history in your case or past cases



Exploring the Clinical Relevance of Variants



ClinGen - https://clinicalgenome.org/
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OMIM - https://omim.org/
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GeneReviews https://www.ncbi.nlm.nih.gov/books/NBK1116/
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• Determine variant frequency

• Determine if variants previously 
reported by other labs

• Assess impact of variant on 
drug response

Other Resources
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Breakout Room 2

Your patient’s genetic test results have come back.

Review the report as a group and explore genetic 
databases to investigate clinical relevance of the result.

AVAILABLE 
EVIDENCE

VARIANT DATA CLINICAL 
FEATURES



• This patient has a nonsense variant in the ARID1A gene 
that causes Coffin-Siris syndrome (CSS) 

• Classified as pathogenic because it:
• Is predicted to cause loss of function
• Not previously reported as a common variant
• Not inherited from a parent 

• Hallmarks of CSS include: 
• Developmental disability 
• Characteristic facial features 
• Abnormalities of the fifth fingers or toes

Breakout 2 Summary

• Variant - ClinVar
• Gene - OMIM
• Disease - GeneReviews

Remember!



Wesley G. Patterson, PhD, MSPA, PA-C, CAQ-Peds
Genetics PA, Greenwood Genetic Center

Part 3: Result Discussion: 
Explaining Results to Patients 
and Families



Results are not always "positive" or 
"negative"

Benign
or

Likely Benign

Variant of Uncertain 
Significance

Pathogenic
Or

Likely Pathogenic



Primary findings

• Aligned with your 
patients' symptoms 

• Can be listed as 
pathogenic, likely 
pathogenic, or VUS

• You determine whether 
this is their diagnosis or 
not based on the 
classifications

Incidental

• Variant was identified 
that has medical benefit 
OR region of 
homozygosity on 
microarray

• May be associated with 
some of the findings, but 
not usually all of the 
findings

Secondary

• A list of genes that 
patients can opt-in/opt-
out based on guidance 
from ACMG (specific to 
exome/genome)
• Cancer susceptibility
• Metabolic conditions 

with early- or late-onset
• Cardiac conditions with 

early or late onset

Possible genetic results that could 
show up on a report  



• Common misconceptions 
• Genetics test are certain > Need to review the test’s limitations
• Genetic tests are final > Need for reinterpretation! 

• Many psychosocial concerns 
• Results impact the patient and family members
• Identifying adult-onset conditions in a child
• Families may not be prepared for incidental findings
• Sense of parental guilt/shame
• Rare disease patients experience the “diagnostic odyssey”

• Communication of results 
• Setting, time, body language, addressing concerns, active listening

Genetic Test Results are Different 
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…is the process of helping people understand and adapt to the 
medical, psychological, and familial implications of genetic 
contributions to disease. This process integrates 

• Interpretation of family and medical histories to assess the 
chance of disease occurrence or recurrence;

• Education about inheritance, testing, management, 
prevention, resources, and research;

• Counseling to promote informed choices and adaptation to 
the risk or condition.

Genetic Counseling

Inter-Society Coordinating Committee for Practitioner Education in Genomics (ISCC-PEG)

NSGC: J Genet Counseling 2006



• Medical evaluations after diagnosis

• Treatment of manifestations

• Prevention of secondary complications

• Surveillance

• Agents/circumstances to avoid

• Evaluation of relatives at risk

• Reproductive risks and prenatal testing

• Therapies under investigation

Integration in Clinical Care

Check if GeneReview article is 
available for the condition



• Contracting
• What are your questions today?
• What do you understand about the genetic test? 
• Describe plan for visit

• Disclosing results
• Communicating screening, management plans, 

genetic risks, and reproductive options
• Summarizing and planning for follow up

Results Session Format
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Resources to 
Share with Families



Information Resources
• Information pages about genetic conditions and genes
• Handbook that describes basic genetic concepts
• Printable PDFs for all content

• Contact an information specialist
• Services in English and Spanish 
• Website provides rare disease information and patient 

resources

• Reports and videos about rare diseases
• Patient and caregiver resources
• Connect with rare disease community

• Disease InfoSearch provides curated and crowd-sourced 
disease information

• Trust It or Trash It? tool for reviewing online health information
• WikiAdvocacy has tips for starting or growing a patient 

organization



Support Resources
• Find your state’s parent support centers
• Helpful for finding local resources and disability programs
• Connect families with shared experiences

• Contact your local Parent to Parent organization
• Parents are matched with an experienced Support Parent

• Disease- or gene-based Facebook groups are growing trend
• Often started by parents and provide a place to create a 

community
• Encourage families to start their own group if one isn’t available 



Research Resources

• Search for clinical studies by disease name
• Filter results for location
• Useful for finding clinical researchers for a rare disease
• Includes natural history studies and interventional studies

• Research study backed by the National Institutes of Health 
Common Fund

• Aims to solve the most challenging medical mysteries 
using advanced technologies

• A recommendation letter from a licensed health care 
provider is necessary

• a report, identifying evidence that allowed for 
pathogenic classification and explore OMIM, Gene 
Reviews and ClinVar



Breakout Room 3

You are preparing to meet with the patient’s family to 
discuss the results.

Identify patient resources and prepare to answer the 
parent’s questions.

RECURRENCE RISK CLINICAL 
MANAGEMENT

PSYCHOSOCIAL 
ISSUES

FAMILY 
RESOURCES



Breakout 3 Summary

• Psychosocial issues
• Results impact the whole family
• Identify adult-onset conditions in child
• Family not prepared for incidental findings
• Parental guilt/shame

• Risk to siblings is 1%

• CSS Foundation and GARD are good referrals for patients



Initial Clinical Evaluation
• Identify “red flags” for a rare genetic condition 
• As appropriate, refer patient to a genetics professional or proceed with genetic 

testing

Part 1: Pre-test Counseling
• Explain genetic testing options
• Facilitate patient decision-making
• Obtain informed consent for testing

Part 1: Test Selection
• Determine appropriate genetic 

test(s)
• Select genetic testing laboratory 
• Consider potential follow-up 

studies

Part 2: Diagnostic Result
• Interpret genetic test results (particularly VUS results) 
• Using resources such as ClinVar and Franklin to assess variant pathogenicity 
• Investigate using resources such as ClinGen, GeneReviews, and OMIM
• Consider whether follow-up genetic testing may be helpful

Part 3: Explaining Results to Patients
• Contract with family about current 

understanding and purpose of visit
• Disclose results
• Address psychosocial concerns 
• Integrate into clinical care

Part 3: Next Steps
• Connect families with rare disease 

resources and/or condition-specific 
support groups

• Check for clinical trials/research 
studies

Refer To Your Toolkit!



• Join the network of experts: https://www.genome.gov/iscc

• Explore available resources: 
https://www.genome.gov/health/For-Health-Professionals

• For more information about ISCC-PEG contact Donna 
Messersmith: Donna.Messersmith@nih.gov

• For more information about the Rare Diseases Project 
Group contact Sabrina Malone-Jenkins: 
Sabrina.MaloneJenkins@hsc.utah.edu

How you can get involved

Disclaimer: The Inter-Society Coordinating Committee for Practitioner Education in Genomics (ISCC-PEG) provides a venue for 
individuals to collaborate and develop educational resources. The opinions expressed in this session do not reflect the view of all ISCC-
PEG members, the National Institutes of Health, the Department of Health and Human Services, or the United States government.


