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Three Basic Definitions 
(McCormick and Calzone, April 2016 Journal of Nursing Management)

• Genetics: The study of individual genes and their 
impact on relatively rare single-gene disorders

• Genomics: The study of all of the genes in the human 
genome together, including their interactions with 
each other, the environment, and other psychosocial 
and cultural factors

• Pharmacogenomics: The study of the influences of 
genetic variation on medication and adverse events



Genetic Terminology

• Genetics
• Genomics
• Family History
• DNA
• Chromosome
• Mutation
• Epigenetics
• Pharmacogenomics



DNA Basics

National Institute of General Medical Services





Chromosomes

• 23 pairs of chromosomes
– 22 pairs are autosomes 
– Remaining pair is the sex chromosome

• Female = XX
• Male = XY

• Karotype
• Genotype
• Phenotype

www. www.genome.gov







Chromosome Structure

• Gene location
– Long arm=q arm
– Short arm=p arm

• Types of rearrangements
– Translocations
– Inversions
– Deletions
– Duplications





Chromosome 
Mutations

• READ
• RED
• REED
• REAR
• EAR
• DEAR

https://Unlockinglifescode.org/images 



Chromosomal 
Abnormalities

• Generally due to: 
– abnormal number of chromosomes
– alterations to the structure of one or more chromosomes
– Result of crossing over errors during meiosis
– Chromosomal rearrangement or breakage during mitosis

• Risk factors: 
– Advanced maternal age
– Advanced paternal age
– Abnormalities in parental genetic structure



Classifications of 
Genetic Disorders  

• Single gene 

• Multifactorial 

• Chromosomal

• Recessive or dominant inheritance pattern

Things to consider regarding genetic disorders:
• Penetrance
• Epigenetics



Patterns of Inheritance

• Autosomal Dominant
• Autosomal Recessive
• X linked
• Y linked
• Mitochondrial



National Society of Genetic Counselors www.nsgc.org 



Familyhistory.hhs.gov



https://phgkb.cdc.gov/



Genetic Red Flags     

• Family history of multiple affected family members 
with the same or related disorder

• Earlier age at onset
• Condition in the less-often affected sex
• Disease in the absence of known risk factors
• Ethnic predisposition
• Close biological relationship between parents
• Neurodevelopmental delay or degeneration
• Groups of congenital anomalies



Precision Medicine

• Medical care and products that are tailored to the 
individual based on genetic data



Risks??????
Ethics ?????

Genetic Testing

• Types
– Confirmatory / diagnostic testing 
– Carrier screening
– Predictive Testing
– Preimplantation genetic diagnosis
– Prenatal diagnostic
– Newborn Screening
– Forensic testing
– Pharmacogenetics 



Genetic Testing

• Direct to Consumer Testing
• Genetic Research
• Incidental Findings

MyCode



https://allofus.nih.gov



Pharmacogenomics

• 1) Poor metabolizer
• 2) Intermediate metabolizer
• 3) Extensive metabolizer
• 4) Ultra-metabolizer

Cytochrome “CYP”
P450 – key role in   metabolism 

Medications are not a “One pill fits all” 
Altered metabolism will impact how the 
drug is broken down or excreted



Drug toxic 
but offers 
some 
benefit

(-/+)

Drug not 
toxic and 
offers 
benefit  
(+/+)

Drug toxic 
and not 
beneficial
(- / -)

Drug not 
toxic but 
offers no 
benefit
(+/-)





Mayo Clinic and 
Pharmacogenomics

• Abacavir
• Allopurinal
• Carbamazepine
• Citalopram
• Clopidogrel
• Codeine
• Escitalopram
• Fluoxetine
• Fluvoxamine

National Human Genome Research 

• Paroxetine
• Simvastatin
• Tamoxifen
• Tramadol
• Venlafaxine
• Thiopurines
• Warfarin





Ethics and Genetics

• Pandora’s Box
• The Right to Know
• Possible family disruption
• Pressure to be tested
• Confidentiality risk
• Parental guilt / sibling guilt
• Testing of children



Population Genetics 
and Public Health



Epigenetics
• How the environment influences our genes



www.cdc.gov/genomics



Genetic Crossroads

Positive
• Technology
• Research
• Resources
• Evidence
• Legal Protection
• Precision Medicine

Uncertain
• Funding
• Reimbursement

– Medicare / Medicaid / Private 
Pay

– Screening
– Risk
– Presence of symptoms

• Genetic Health Literacy



Hollywood and Genetics

• Extraordinary Measures (2010)
• Boy in a Plastic Bubble (1976)
• The Matrix (1999)
• The Secret Life of Henrietta Lacks (2017)
• Jurassic Park (1993)
• Gattaca (1997)
• Deadpool (2016)
• Xmen (2000)
• Blueprint (2003)
• Elysium (2013)
• Spiderman (2002) and the Amazing Spider Man (2012)



DNA and the Law

Judge Dave Torrey
Attorney Kyle Black



Genetic Information 
Non-discrimination Act (GINA)

• 42 U.S.C. § 2000ff et seq.
• Regulations: 29 C.F.R. §§ 1635.1 to 1635.12. 
1)  to protect privacy of employees as to genetic 
information; and 
2)  to prohibit discrimination on the basis of such 
information. 



GINA is a Federal Law

GINA is enforced by the
• Equal Employment Opportunity Commission (EEOC)

• Master Website of Resources: 
https://www.eeoc.gov/laws/statutes/gina.cfm

https://www.eeoc.gov/laws/statutes/gina.cfm


Pennsylvania State Law

• PA Workers’ Compensation Act does not make reference 
to genetic information in any context. 

• Repeated efforts by reformers to add genetics as a basis 
for illicit discrimination to the Pennsylvania Human 
Relations Act have failed. 

• Website: 
https://www.genome.gov/policyethics/legdatabase/pubs
earchresult.cfm.

https://www.genome.gov/policyethics/legdatabase/pubsearchresult.cfm


Background of GINA 

• 2008 Enactment of GINA
– Increased availability/popularity of genetic testing
– Concerns that insurers and employers will use 

such information in a discriminatory fashion



Background of GINA
(continued)

Congress recognized 4 main bases for creating a 
federal discrimination law:
– US history of sterilization laws
– Genetic conditions associated with racial and 

ethnic groups and gender
– Prior examples of genetic discrimination in the 

workplace
– Lack of federal law adequately addressed genetic 

discrimination



Title II - Employment

a) Precludes employers from discharging, refusing to 
hire, or otherwise discriminate against employees 
or applicants in terms, conditions, or privileges of 
employment on the basis of genetic information.

Example:  An employer violates GINA if it refuses to hire 
someone based on genetic tests showing a 
predisposition to a disease like cancer



Title II – Employment 
(continued)

b) Employers precluded from any act to “limit, 
segregate, or classify employees” in ways that 
would tend to deprive employees of opportunities 
or adversely affect their status because of genetic 
information.  Temporary agencies and labor unions 
also subject to such prohibitions.  

c) Employers are specifically prohibited from inquiring 
not only as to genetic tests, but also as to the 
medical history of the employee’s family. 



Gina and Other Laws

• GINA and ADA
ADA protects against discrimination based on 
manifested diseases

• GINA and HIPAA 
HIPAA privacy protections trump those of GINA



GINA and Workers’ 
Compensation

GINA provides that nothing in the statute shall be 
construed to limit or expand the protections, rights, or 
obligations of employees or employers under 
applicable workers' compensation laws. 

42 U.S.C. § 2000ff-8(a)(4) 



GINA and Workers’ 
Compensation (continued)

Issue 1: 

Can employers demand genetic testing and other 
information in order to screen out purportedly unsuitable 
candidates for employment? 

No. 



GINA and Workers’ 
Compensation (continued)

Issue 2: 

Can an employer require “Employee Health 
Assessments,” inquiring about various 
ailments including diabetes, heart disease, 
and cancer, and whether the employee or 
family suffered from same – as a post-offer 
procedure, and requiring such form also 
thereafter each year?

No. 



GINA and Workers’ 
Compensation (continued)

Issue 3: 

Can an employer demand genetic testing and other 
information, as part of the ADA conditional job offer 
testing process, in order to ascertain whether the 
proposed work would be a danger to the worker or 
others? 

Yes. 



GINA and Workers’ 
Compensation (continued)

Issue 4: 

Can employer oblige a worker to take a genetic test (for 
example, for carpal tunnel syndrome), in the wake of a 
work-related claim for such condition? 

No. 



GINA and Workers’ 
Compensation (continued)

Issue 5: 

When, in a disputed case, an employer 
requests medical records from providers as 
part of discovery, should employer be 
cautioning such providers not to tender 
genetic information? 

No. Should not be necessary as HIPAA 
trumps GINA, and both GINA and HIPAA 
state that rights of the employer are not to 
be prejudiced. 



GINA and Workers’ 
Compensation (continued)

Issue 6: 

Can an IME – or other physician – utilize genetic 
information in rendering opinions with regard to 
causation and disability? 

Yes and no.  Cannot and should not require a 
genetic test, but can consider family history and 
other objective evidence.  



Genetic websites

• Talking Glossary of Genetic Terms: 
https://www.genome.gov/glossary/

• All About the Human Genome Project: 
https://www.genome.gov/hgp/

• Centers for Disease Control and Prevention, Public 
Health Genomics: https://www.cdc.gov/genomics/

• Centers for Disease Control and Prevention, 
Genomics and Health Resources: 
https://phgkb.cdc.gov/PHGKB/phgHome

https://www.genome.gov/glossary/
https://www.genome.gov/hgp/
https://www.cdc.gov/genomics/
https://phgkb.cdc.gov/PHGKB/phgHome


Genetic Websites

• Genetic and Rare Diseases Information Center: 
https://rarediseases.info.nih.gov/

• U.S. National Library of Medicine, Genetics Home 
Reference, Your Guide to Understanding Genetic 
Conditions: https://ghr.nlm.nih.gov/

• Clinical Pharmacogenetics Implementation Consortium: 
https://cpicpgx.org

• U.S. Food and Drug Administration: 
http://www.fda.gov/Drugs/

https://rarediseases.info.nih.gov/
https://ghr.nlm.nih.gov/
https://cpicpgx.org/
http://www.fda.gov/Drugs/


Genetic Websites

• Epigenomics: 
https://www.genome.gov/27532724/epigenomics-fact-
sheet/

• Genetics and Genomics Weekly Update. 
http://www.cdc.gov/genomics/update/current.htm

• Unlocking Life’s Code: www.unlockinglifescode.org

• Mayo Clinic: Center for Individualized Medicine: 
http://mayoresearch.mayo.edu/center-for-individualized-
medicine/drug-gene-testing

https://www.genome.gov/27532724/epigenomics-fact-sheet/
http://www.cdc.gov/genomics/update/current.htm
http://www.unlockinglifescode.org/
http://mayoresearch.mayo.edu/center-for-individualized-medicine/drug-gene-testing
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