
GENE 220 

Reproductive
Genetics 
 A N J A L I  N A R A I N  &  A L V I N A  A D I M O E L J A



Understand the role of eugenics in the development of the prenatal genetic
testing field
Summarize the current landscape of prenatal genetic testing, carrier
screening, embryo selection, and gene editing
Extrapolate the current and future implications of the currently available
technologies with a focus on reproductive choice and disability rights
Evaluate how ethics can help guide society towards ethical application of
these technologies 



Be respectful of conflicting opinions
Commit to learning and growing

Compassionate listening
No talking over anyone
Make space, take space

What is said in the room, stays in the room (confidentiality)
Use “I”statements for sensitive topics
Don’t equate people with stereotypes

Don’t rush to judge others



Activity: Examples of eugenics influencing prenatal testing 
Didactic: Landscape of Prenatal Testing and Carrier Screening
Activity: Case Study: Ethical Implications of Prenatal Testing & Carrier Screening 
Didactic: Landscape of Future Reproductive Technologies (Pre-implantation
Genetic Testing and Gene Therapy)
Activity: Hypothetical Case Study: Pre-implantation Genetic Testing
Didactic: Landscape of Future Reproductive Technologies (Genetic Engineering)
Activity: Hypothetical Case Study: Genetic Engineering

5

15

20

10

20

10

20



 

Prenatal screening &
testing

Carrier Screening
Embryo selection 

Gene therapy & gene
editing 



 Recall what traits were considered sufficient for forced sterilizations.
 Connect this to what you have learned over the past few sessions in
regards to race, behavior, sexuality, disability, and more. 

In our first class, we discussed how forced sterilizations were used for
eugenic purposes throughout the past several centuries. 

With a partner: 
1.
2.

(5 minutes)



Family or personal history of genetic condition

Screening for aneuploidies (Down syndrome & others)
Abnormal ultrasound findings 

Advanced maternal age

Presenting with medical issues, developmental delay, 
dysmorphic features 

Presenting with medical issues
Known mutation in family

Curiosity

Embryo

Fetus

Child 

Adult 





Autosomal recessive or X-linked conditions
Carrier Screening

Aneuploidies
Mendelian

Preimplantation genetic testing

Aneuploidies
Mendelian

Prenatal Genetic Testing

Pre-
conception

Embryo

Fetus 



 
Medical Decisions

For diagnosis / management
Medical benefit to individual

 
 

 
Value-Based Decisions

For personal planning
No medical benefit to individual, guided by

personal values
 



CARRIERCARRIER
SCREENINGSCREENING

&&  
PRENATALPRENATAL

TESTINGTESTING



Identifies presumptuously healthy prospective couples in which both
individuals are heterozygous for the same disorder, and are, therefore, at risk
to have an affected child with a life-threatening, serious, or chronic disorder.
Couples are screened for multiple genetic conditions (ranging from a ~150-
500)
All individuals are thought to be carriers of atleast one genetic condition

Carrier: An individual who has one copy of a disease-causing gene for an
autosomal recessive condition, and has none or mild symptoms.

Carrier Screening



Conceive naturally, test the fetus after conception
Testing the embryo prior to implantation (with IVF)
Sperm / egg donor 
Adopt, foster 
No genetic testing, but plan ahead for affected child

Can help plan ahead - if both parents are carriers, may
consider various options:



PRENATALPRENATAL
SCREENING &SCREENING &

TESTINGTESTING



Screening Testing

No suspected condition
 

Not diagnostic; needs
follow-up

 
Blood tests (eg. NIPS),

ultrasound measurements

Suspected condition
 

Diagnostic
 
 

CVS, Amniocentesis



(Chen, 2022)



Non-Invasive Prenatal Screening (NIPS)
Ultrasound examinations

Aneuploidies
Neural Tube Defects (NTDs)
Certain birth defects



Also called cell-free DNA screening 

Extracting free-floating fetal DNA from the bloodstream of
pregnant individual  





CVS
Amniocentesis 
Karyotyping
Fluorescent in-situ hybridization (FISH)
Chromosome microarray
DNA testing 



Informed
decisions

Risk
prediction

Treatment
Information

for family
members

Reducing
uncertainty

Personal
Preparation



A couple are starting to plan a family together. They arrange
carrier testing.  They learn they are both carriers for a recessive
form of blindness. They decide to conceive naturally and not
pursue any testing of the pregnancy.

5

Discussion Points (5 mins):

1) What are some decision-making factors being considered by the parents?
2) What ethical considerations play a role here?



Lived experience (exposure to / attitudes towards blindness)
Prenatal testing: risk of miscarriage
IVF with PGT: cost (financial, physical, emotional) 

Discussion Points:



Ethical Considerations:

Whose role is it to ensure couples making reproductive decisions have context
about what life could be like with that disability? 



A pregnant 38 year old woman and her partner seek prenatal genetic testing
for an autosomal dominant condition. 18 years earlier, they gave birth to a son
who had this condition and he died 3 years ago. The couple also have a healthy
10 year old daughter. 

Genetic testing confirms the pregnancy is affected by this condition, and the
couple consider whether to terminate the pregnancy.

5

Discuss (5 mins):

1) What are some decision-making factors being considered by the parents?
2) What ethical considerations play a role here?



Lived experience (grief & loss)
Feasibility of prolonged caregiver role
Feelings about terminating a pregnancy
Availability of support (financial, emotional, physical, other)
Desire and likelihood of future opportunities to have children
Whether it was an otherwise wanted pregnancy 
Impact on 10 year old daughter
Whether different treatments for this condition are available since their late
son was diagnosed 

Group share (5 mins). Discussion Points:



Personal, cultural and/or religious beliefs re: termination
A life worth living?

Treatment availability in future? 
Part vs the whole

Hereditary - message it sends to other relatives

Ethical Considerations: 



CURRENT & FUTURECURRENT & FUTURE
REPRODUCTIVEREPRODUCTIVE
TECHNOLOGIESTECHNOLOGIES  



Definition: genetic testing of embryos prior to implantation
The embryo is created via in vitro fertilization (IVF)
Typically, a single cell is removed from the embryo at the 8-cell stage
(3 days after fertilization)
Genetic testing is performed
The results of testing are used to decide which embryos, if any, to
implant in the prospective mother’s uterus

Most commonly for aneuploidies or monogenic disorders, but have
potential for other uses (e.g. structural rearrangements, complex traits)



Photo by Mark Engebretson, University of Minnesota



From: https://twin-cities.umn.edu/news-events





 
Data from Winkelman et al (2015)



 
Data from Winkelman et al (2015)



 
Data from Winkelman et al (2015)



 
Data from Winkelman et al (2015)



Data compiled by pgEd. Sources: https://resolve.org/what-are-my-options/insurance-coverage/infertility-coverage-state/ and
https://www.reproductivefacts.org/resources/state-infertility-insurance-laws/ (accessed June 11, 2019).



PRE-IMPLANTATION GENETICPRE-IMPLANTATION GENETIC
TESTING: POLYGENIC TRAITSTESTING: POLYGENIC TRAITS



Polygenic traits (and diseases)
Traits that are influenced by many genes. Many polygenic traits are also
influenced by the environment. Examples of polygenic traits are: height,
cardiovascular disease, diabetes.



Polygenic traits (and diseases)

Polygenic risk score (PRS)

Traits that are influenced by many genes. Many polygenic traits are also
influenced by the environment. Examples of polygenic traits are: height,
cardiovascular disease, diabetes.

A score that quantifies an individual's relative risk for a certain trait. This score
is based on numerous genetic variants, and a model that then translates that
genetic data into relative risk.



Relatively new approach; research and development is ongoing

Generally optimized for people of European descent

Relies on having enough genetic data for people with the condition of
interest (not true for every condition)

Lack of regulation for companies that want to apply this approach

Hurley et al., NEJM 2021



Offers a service to couples undergoing IVF
Uses PRS to calculate each embryo’s risk of various diseases - then tells couple to choose





ACTIVITY: DISCUSSIONACTIVITY: DISCUSSION
OF HYPOTHETICALOF HYPOTHETICAL

CASE STUDYCASE STUDY



Applying one of the four bioethics principles that has been assigned to your group,
what decision will you take?

Autonomy (respect for the individual; making informed choices in line with
one's own beliefs and values)
Beneficence (promoting outcomes that are good for people)
Non-maleficence (doing no harm)
Justice (fairness; equity; access)

Is it ethical for companies to offer such tests? What additional considerations do
you have? Would your decision differ if it is for a complex disease e.g. coronary
artery disease?

(2 mins) Reading of hypothetical case study

(8 mins) Small group

(10 mins) Class sharing 
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GENE THERAPYGENE THERAPY  



Gene therapy is broadly defined as the introduction of genetic material into a patient for
the purpose of halting or reversing a pathological process. 

Package gene of interest in a vector or plasmid, then introduce into cells 

Methods of gene therapy: Gene replacement therapy, gene silencing therapy (siRNA), exon
skipping etc.

Gene therapy is currently approved for the treatment of select hematological
malignancies, RPE65-mediated inherited retinal dystrophy, and spinal muscular atrophy.

Iavarone et al., 2022





GERMLINE GENE EDITINGGERMLINE GENE EDITING



Gene therapy

Gene editing

Includes gene delivery

Conceptual Venn diagram (not drawn to scale!)



Conceptual Venn diagram (not drawn to scale!)

CRISPR

Gene therapy

Gene editing

Includes gene delivery













 

2015: A research group used CRISPR to make
genetic changes in non-viable human embryos

2017: CRISPR used to make genetic changes in
viable human embryos



 

Currently: germline modification is illegal in countries, and federal funding in
the US cannot be used for such work. Researchers have gotten approval to

perform genome editing in human embryos for research purposes only.







ACTIVITY:ACTIVITY:
DISCUSSION OFDISCUSSION OF

CASE STUDYCASE STUDY



Should this germline genetic engineering be approved or not? Why? 
What additional information would you like to have in order to make your
recommendation? 
If you support approval, what path to approval do you see feasible?
Do your considerations differ in the previous case study (on PGT)? How so
and why?

(10 mins) Reading of hypothetical case study & pair discussion 
Discuss:

(10 mins) Large group sharing 





Roe v. Wade is the historic case that established a woman’s right to have an
abortion. With the reversal of Roe v. Wade (through Dobbs v Jackson), each state
can now make laws about abortion. As a result, laws surrounding abortion will vary
from state to state. This might also affect fertility services and genetic testing



Some abortion bans exempt IVF
Since 2010, states have introduced or passed 83 bills that mention both abortion and
IVF. Of these, 45 bills explicitly exempt IVF and assisted reproductive technologies.
None of these bills explicitly included IVF — or any reproductive technology — in
banning abortion or defining legal personhood as beginning at conception.

The Louisiana legislature recently refused to pass an abortion ban bill that would
have criminalized some aspects of IVF, instead moving forward a different abortion
ban that explicitly exempted both contraception and IVF. More recently, Oklahoma
passed a more expansive abortion ban that had no specific exemption for assisted
reproductive technologies. However, the bill’s sponsor later asserted that the law
would not ban IVF, despite the bill’s vague language (Washington Post)

 Fertility clinics, obstetricians, and gynecologists should consult with legal counsel to
determine whether the states in which they are located have passed abortion restrictions
that may impact their practices, and to ensure their services remain compliant with state
law.

https://lailluminator.com/2022/05/12/louisiana-house-guts-abortion-bill-that-would-send-pregnant-patients-to-prison/
https://www.newson6.com/story/6296b1858fb98f019859742a/author-of-nations-strictest-abortion-ban-answers-questions-about-the-law-ivf


Analyze the role that government, private and public databases play in the
application of forensic genetics in the criminal justice system globally.
Examine risks and benefits of identification and privacy from private and public
entities.

Learning goals:


