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Ethical 
issues in 

reproductive 
genetics

Our focus:

- Prenatal genetic testing

- Carrier screening

- Embryo selection in the 
context of in vitro 
fertilization



Learning goals

● Students will understand the role of eugenics in the development of the 

prenatal genetic testing field

● Students will be able to summarize the current landscape of (1) prenatal 

genetic testing, (2) carrier screening, and (3) embryo selection

● Students will extrapolate the future implications of the currently available 

technologies

● Students will evaluate how principle-based ethics can help guide society 

towards ethical application of these technologies



Agreed upon ground norms

- Be respectful of conflicting opinions
- Commit to learning and growing
- Compassionate listening
- No talking over anyone
- Make space, take space



Class Outline - Slide 1 of 2

10min: Historical backdrop

- Eugenics in the US, and its intersection with 

health and science

- Lecture by Dr. Malika Freund

25min: Current landscape of prenatal genetic 

testing and carrier screening 

- Guest lecture by Emily Higgs, MS, and activity 

(roughly equal split time)

PhD in Human Genetics 
(UCLA)

Genetic Counselor in 
Training (Stanford)

Certified Genetic 
Counselor at UCSF

Previously at Stanford

Graduate diploma in 
Bioethics



Class Outline - Slide 2 of 2

20min: Current landscape of genetic 

technologies available specifically to couples 

undergoing IVF

- Preimplantation genetic testing, embryo 

selection 

- Lecture by Meena Chakraborty, and activity

15min: Principle-based ethics to guide ethical 

application of prenatal genetic technologies

- [Very brief lecture and] activity

PhD candidate in 
Genetics (Stanford)
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Genetic Counselor in 
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Current landscape of

prenatal genetic testing

and carrier screening 

Emily Higgs, MS

Certified Genetic 
Counselor at UCSF

Previously at Stanford

Graduate diploma in 
Bioethics



To cover

1. Lecture
a. Broad overview of clinical genetic testing (what’s available, when it 

might be used)
2. Case example
3. Activity

a. Reflect on own values
b. What factors would you consider after receiving the results of a prenatal 

genetic test?



To cover

1. Lecture
a. Broad overview of clinical genetic testing (what’s available, when it 

might be used)
2. Case example
3. Activity

a. Reflect on own values
b. What factors would you consider after receiving the results of a prenatal 
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•No suspected disease, population-based
•Newborn screening, reproductive carrier screening Screening 

•Individual has phenotype
•Testing aids in differential diagnosis/confirms diagnosisDiagnostic 

•Testing an unaffected person who has a known mutation in their family Predictive 

•Adult onset conditions, often with lower penetrance (risk estimates)Predisposition 

Types of genetic testing



Testing a fetus

Testing a child

When do people have genetic testing?

value-based 
decisions

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

medical-based 
decisions

Embryo

Fetus

Child

Adult



Carrier testing 
• Autosomal recessive or X-linked recessive 

Preimplantation genetic testing
• Aneuploidies
• Mendelian

Prenatal genetic testing
• Aneuploidies 
• Mendelian

Embryo

Fetus

Pre- 
conception



Utility of genetic testing
Informed 
decisions

Risk 
prediction

Treatment

Personal 
preparation

Reducing 
uncertainty

Information 
for family 
members



Utility of genetic testing
Informed 
decisions

Risk 
prediction

Surveillance

TreatmentPersonal 
preparation

Reducing 
uncertainty

Family 
planning

Availability of 
test for family 

members

Risk 
management



Medical decisions

For diagnosis / management

Medical benefit to individual

Value decisions

For personal planning

No medical benefit to individual, 
guided by personal values
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Case example

A pregnant  38 year old woman and her partner seek prenatal genetic testing for Duchenne 

muscular dystrophy. 18 years earlier, they  gave birth to a son who had Duchenne muscular 

dystrophy and he died 3 years ago. The couple also have a healthy 10 year old daughter. 
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Genetic testing confirms the pregnancy is affected by DMD, and the couple consider 

whether to terminate the pregnancy.



Case example

Decision-making factors

● Lived experience (grief & loss)

● Feasibility of prolonged caregiver role

● Feelings about terminating a pregnancy

Can you think of others? (2 min)
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Case example

Decision-making factors

● 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 DMD treatments are available since their late son was diagnosed 



Case example: ethical nuances

● 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



Case example 2: Carrier screening

Why have carrier screening?

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

● 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

A couple are starting to plan a family together. They arrange carrier testing.



Case example 2: Carrier screening

 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.



Decision making factors

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



Ethical nuances

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



To cover

1. Lecture
a. Broad overview of clinical genetic testing (what’s available, when it 

might be used)
2. Case example
3. Activity

a. Reflect on own values
b. What factors would you consider after receiving the results of a prenatal 

genetic test?



Genetic test technologies 
Single gene

• One phenotype → one gene 
• eg cystic fibrosis 

Panel
• One phenotype → many genes  
• eg breast cancer 

Microarray
• CNVs

Exome/genome 
• Can analyze additional genes in future (unknown or expanded phenotypes) 
• Secondary findings

NIPT 
• Aneuploidies 



Variants of uncertain significance



Treatment/early 
detection available?

Very serious vs 
milder

Stable vs 
progressive Physical vs 

cognitive 

Age of onset What kind 
of things 
would you 
want to 
know 
about?





Spend a moment reflecting on the following hypothetical 
scenario: 
You and your partner are pregnant. You decide to have 
comprehensive prenatal genetic testing, and a de novo TP53 
pathogenic variant is identified in the fetus. 





Spend a moment reflecting on the following hypothetical 
scenario: 
You and your partner are pregnant. You decide to have 
comprehensive prenatal genetic testing, and a de novo TP53 
pathogenic variant is identified in the fetus. Your ob/gyn discusses Li 
Fraumeni syndrome with you and asks if you plan to continue or 
terminate the pregnancy. 



PollEv #1

https://PollEv.com/multiple_choice_polls/eHwWL420xSo1Uzgd65iS
g/respond 

PollEv.com/meenakshichakraborty820

Text MEENAKSHICHAKRABORTY820 to 37607 to join

https://pollev.com/multiple_choice_polls/eHwWL420xSo1Uzgd65iSg/respond
https://pollev.com/multiple_choice_polls/eHwWL420xSo1Uzgd65iSg/respond


PollEv #2

https://PollEv.com/surveys/nmJ103jjm7QLlU236FDyP/respond

PollEv.com/meenakshichakraborty820

https://pollev.com/surveys/nmJ103jjm7QLlU236FDyP/respond


Backup google form

https://forms.gle/VDffi9FPV6GQ2ZBh7 

https://forms.gle/VDffi9FPV6GQ2ZBh7


[PollEV - Meena to insert please :) )

Q. Which factors would you take into account in your decision making? 

Multiple choice answer options (can select multiple) 
-your feelings about termination
-whether you have other children
-if you have family support nearby
-gestation (8wk vs 18 wk)
-experiences of friends/loved ones with cancer



[PollEV #2 - Meena to insert]

Would your decision-making change if…….

(can we have each one a separate question with a yes/no response 
option?)

-50% lifetime risk of cancer

-20% lifetime risk of cancer 

-adult-onset (no childhood cancers)

-gene therapy treatments available

-curative cancer treatments available 



Would your decision change if instead of Li Fraumeni 
syndrome, the pregnancy was affected by a genetic 
condition that caused

75% chance of early-onset Alzheimer’s? 30% chance?

50% chance of schizophrenia? 10% chance?



Reflections
• Many factors influence people’s decisions about reproductive genetic 

testing

• Decisions are situational, practical, emotional, value-based

• Ethically nuanced, no ‘right’ or ‘wrong’



Current landscape of technologies 
available for couples undergoing

in vitro fertilization -
preimplantation genetic testing & 

embryo selection



KJK Hospital

Embryo selection



History of preimplantation genetic testing with IVF

1985

PCR invented

1981

Birth of first baby 
from IVF, Louis Brown 

1890

First successful mammalian 
embryo transfer - in rabbits

Parik et al., 2018

Rabbit trophoblast cells biopsied 
and sex chromatin stained to 

confirm sex prior to implantation

1968



History of preimplantation genetic testing with IVF, cont.

2010-present

Newer methods - SNP 
testing, RT-qPCR, 

NGS…

2001

Application of CGH 
technique to complement 
FISH (higher throughput)

1990

PCR used to detect male 
embryos free of an X-linked 

disease

Parik et al., 2018

Application of FISH technique to 
complement PCRs (detect 

aneuploidies and translocations,
vs. monogenic disorders)

1993



“The current indications for PGT include 
repeated implantation failures, repeated 
pregnancy loss, advanced maternal and 
paternal age, male factor infertility, and 

genetic disorders in the parents including 
mosaicism of sex chromosomes, structural 
rearrangements, and monogenic genetic 

diseases.” 

Parik et al., 2018



But the future
is more complex



Complex condition =
a condition whose risk is 

determined by many genetic 
factors, possibly thousands



History of preimplantation genetic testing with IVF, cont.

2010-present

Newer methods - SNP 
testing, RT-qPCR, 

NGS…

2001

Application of CGH 
technique to complement 
FISH (higher throughput)

1990

PCR used to detect male 
embryos free of an X-linked 

disease

Parik et al., 2018

Application of FISH technique to 
complement PCRs (detect 

aneuploidies and translocations,
vs. monogenic disorders)

1993

2020

Calculation of risk of 
complex conditions - 
polygenic risk scores



What are polygenic risk scores?

http://www.youtube.com/watch?v=3HjHSRjwiQk


What are polygenic risk scores? 

- Polygenic risk score: a number that is based on a person’s genetic 

sequence and quantifies their relative risk for a complex 

condition (i.e., one determined by a lot of genetic factors)

- E.g., heart disease, Parkinson’s disease, schizophrenia…

- Based on creating a model from a lot of genetic data

Hurley et al., NEJM 2021



Why are people developing polygenic risk scores?

● There’s a market

○ Many people want as much information as they can have

○ May be medically beneficial - e.g., if someone knows they are 

genetically predisposed to heart disease, they may adjust their lifestyle 

accordingly

○ Many parents want as much information as they can have



“Many parents… [conveyed] a sense of 

self-imposed obligation to take on the 'weight' 

of knowing their child's [genetic predispositions], 

however unpleasant. Some parents chose to 

learn… for their child but not for themselves.”

Anderson et al., J Med Ethics 2017



Polygenic risk scores - issues to consider

- 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



Applying Polygenic Risk Scores: Case Example
 Orchid Biosciences

- Offers a service to couples undergoing in vitro fertilization
- Uses polygenic risk scores to calculate each embryo’s risk of 

various diseases - then tells couple to choose



Orchid Biosciences - Embryo Report



According to its promotional materials, the 
company will provide a scorecard intended 
to identify, among various embryos, the 

future children least likely to develop 
heart disease, breast cancer, prostate 

cancer, type 1 or 2 diabetes, and five other 
conditions that make up Orchid’s current 

common disease risk portfolio.

Hercher, Scientific American 2021





5 mins in breakout rooms

What is your reaction to the fact a 
company is using polygenic risk 
scores to encourage couples to 
select the "healthiest" embryo?



5 mins in breakout rooms

What are potential consequences, 
both intended and unintended, of 
using this technology?



Principle-based ethics and how it 

can help guide society towards ethical 

applications of reproductive genetics



There are many frameworks of ethics

Principle-based ethics

Consequentialism

Utilitarianism
Deontology

Virtue Ethics
Casuistry

Kantian Ethics

Natural Law Ethics

Pragmatism

PluralismHermeneutics

Phenomenological Ethics

Gender Ethics

Communitarianism

Narrative Ethics Social Contract Theory

Feminist Ethics

Ethics of Care
Emily Higgs



Your principle-based ethics toolkit

Beneficence 

“Doing good”

Promoting outcomes that are 
good for people

Autonomy

Respect for the individual 

Making choices that are 
informed and in line with one's 
own beliefs and values

Justice

Fairness

Equity

Access

Beauchamp & Childress 1979

Non-maleficence 

“Doing no harm”

Avoiding outcomes that are 
bad for people

4 key 
principles of 

bioethics

Emily Higgs



Activity

4 breakout rooms - one per principle

(5 mins) How can your assigned principle be used in the future to guide 
regulations that govern ethical application of the technologies discussed today?

- Prenatal genetic testing
- Carrier screening
- Preimplantation genetic testing and embryo selection (IVF only)

Afterwards - big group share-out



Examples

Beneficence 

“Doing good”

Promoting outcomes that are 
good for people

Autonomy

Respect for the individual 

Making choices that are 
informed and in line with one's 
own beliefs and values

Justice

Fairness

Equity

Access

Beauchamp & Childress 1979

Non-maleficence 

“Doing no harm”

Avoiding outcomes that are 
bad for people

4 key 
principles of 

bioethics

Emily Higgs

Risk score-based 
companies must be 
required to disclose limits 
of polygenic risk scores

There should be efforts 
to make scientifically 
sound technologies 
available to everyone 
(e.g., through 
government programs)



Session 6a
Reflection



Learning Objective

You

Society

Science



Riddle

A father and son are in a horrible car crash that kills the dad. 
The son is rushed to the hospital; just as he’s about to go under 
the knife, the surgeon says, “I can’t operate—that boy is my son!” 

Take 20 seconds of silent reflection to 
try to solve this riddle on your own

Answer: The mother is the surgeon
OR the son has two fathers
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Society impacts science

Society impacts how scientists 
approach questions



Society impacts science

Society chooses 
what science to fund

Society impacts how scientists 
approach questions



Society impacts science

Society chooses 
what science to fund

Societal events impacts 
which science is prioritized

Society impacts how scientists 
approach questions



Positionality, Intersectionality, and Privilege

- Positionality
- how our individual identities are 

constructed by cultural and political 
contexts

- how these identities shape the way we 
see the world in relation to others

- Intersectionality
- the complex, cumulative way in which 

the effects of multiple forms of 
discrimination combine, overlap, or 
intersect especially in the experiences 
of marginalized groups

- Privilege
- an advantage that only one person or 

group of people has, usually because 
of their position or socioeconomic 
status



Society impacts science, and scientists are impacted by 
society

Positionality PrivilegeIntersectionality

identities shape how 
we see the world

identities overlap some identities 
provide an advantage



Write down a list of your identities (2 mins)

Here are some examples to get you started! 

● Religion
● Socio-economic status
● Ethnicity
● Race
● Family background
● Community
● Cities, states, countries, areas 

you have lived
● Personal characteristics (ex: 

introverted, hard worker, etc)

● Ability (physical, mental, etc)
● Age
● Beliefs (political, moral, etc.)
● Educational background
● Gender 
● Sexual Orientation
● Profession
● Hobbies
● Culture

We will use this later



Reflexivity

● How your positionality impacts what knowledge is produced and how you 
interpret it

identities shape how 
we see the world



Reflexivity

scientists

society

science

● How your positionality impacts what knowledge is produced and how you 
interpret it



Reflexivity in Developmental Biology

Scientists 
within this 
society

Society’s view of 
gender

Genetic pathway 
responsible for 
sex development



Sex Development Pathway

● 1909 – male mealworm beetles only have a shorter chromosome: the X and 
Y chromosomes are identified and associated with sex 

● 1947 – If XX and XY rabbit fetuses castrated in utero both develop female 
external genitalia, female state is considered the default

● 1990 – SRY is identified as the “male-determining gene” due to four males 
that had XX chromosomes with an SRY translocation

● 90’s and 00’s – additional genes discovered necessary for testis 
development

● 10’s – ovarian no longer considered the default
● 20’s – an active field of research still, looking into epigenetic and other omic 

mechanisms



Sex Development Pathway



1909

Sex Development Pathway

XX and XY 
discovered
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“male-determining” 

gene



1909

Sex Development Pathway

1947 1990

XX and XY 
discovered

2000 2010

Castrated XX and 
XY rabbit fetuses 
develop female 

external genitalia 

female state is 
considered the default

SRY identified as 
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XY rabbit fetuses 
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“male-determining” 

gene

testis development genes 
discovered

Realization ovary 
development is not 

default, active female 
genes discovered



1909

Sex Development Pathway

1947 1990

XX and XY 
discovered

2000 2010 2020

Castrated XX and 
XY rabbit fetuses 
develop female 

external genitalia 

female state is 
considered the default

SRY identified as 
“male-determining” 

gene

testis development genes 
discovered

Realization ovary 
development is not 

default, active female 
genes discovered

Other omes 
involved
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Image source: Granada and Audi (2021); Baetens et al (2017)
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Image source: Granada and Audi (2021); Baetens et al (2017)



Even molecular biology is influenced by our reflexivity

Image source: Granada and Audi (2021); Baetens et al (2017)



Understanding of biological mechanisms is influenced by 
our reflexivity

● External genitalia are a continuum
● 1% of individuals are intersex
● How might someone who is intersex 

think about the sex development 
pathway differently?

Discuss with a partner for two minutes



Activity

Our positionality refers to how our identities shape how 
we see the world. To prepare for a discussion in class, 
we ask you to do the following activity to prepare.

This activity draws from Project Wayfinder from the Stanford 
Flourishing Project and Social Identity Map: A Reflexivity Tool for 
Practicing Explicit Positionality in Critical Qualitative Research



2. Now with your list

A. Choose a group of three identities. How does this give you a unique 
perspective in the world?

B. Write down “scientist” as an identity. Choose 1-2 of your written down 
identities. How does this give you a unique perspective as a 
scientist/researcher?



Choose 3 of the identities you wrote down.

● Religion
● Socio-economic status
● Ethnicity
● Race
● Family background
● Community
● Cities, states, countries, areas 

you have lived
● Personal characteristics (ex: 

introverted, hard worker, etc)

● Ability (physical, mental, etc)
● Age
● Beliefs (political, moral, etc.)
● Educational background
● Gender 
● Sexual Orientation
● Profession
● Hobbies
● Culture

Write for two minutes: how does this give you a 
unique perspective in the world?



Write down scientist as an identity and choose one or 
more of your identities.

● Religion
● Socio-economic status
● Ethnicity
● Race
● Family background
● Community
● Cities, states, countries, areas 

you have lived
● Personal characteristics (ex: 

introverted, hard worker, etc)

● Ability (physical, mental, etc)
● Age
● Beliefs (political, moral, etc.)
● Educational background
● Gender 
● Sexual Orientation
● Profession
● Hobbies
● Culture
● Scientist

Write for two minutes: how might this intersection give you a unique perspective?



Activity
● Describe your identity and positionality to your partner and ask:

○ Does your positionality impact what you chose to research? How?
○ Have you noticed your positionality impact how you have approached science? 
○ What identities do you have that might impact how you approach science uniquely?
○ Are there examples of how positionality has impacted what is studied or how questions 

are approached in your field?

You

Society

Science

16 minutes



What questions, concerns, or feelings does this raise?

You

Society

Science

7 minutes





Assignment:

● Complete survey before class


