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ABSTRACT 

Analyzing Potential Impact and Ethical Questions Concerning CRISPR-Cas9 in 

Genome Editing covers the current state of genome editing, and more specifically, the 

CRISPR-Cas9 system.  The goal of this thesis is to answer the broad questions; “What is 

genome editing?,” “Who can afford it?,” and “What are the associated ethical concerns?” 

This thesis provides scientific background on genome editing and examines recent 

developments in this field.  What is CRISPR-Cas9 discovered?  How does it work?  What 

are some analogous gene-editing techniques?  Why should we correct embryos instead of 

select different embryos?  It examines the available empirical data that may aid in 

projecting the potential cost of genome editing.  Estimating this cost may help determine 

who will have access to this ground-breaking technology.  Procedures such as in vitro 

fertilization and pre-implantation genetic diagnosis can help determine this cost, as these 

technologies are precursor steps to embryonic genome editing. Next, it covers the many 

questions and ethical concerns associated with using embryonic genome editing to treat 

diseases and disorders.  If the price of CRISPR-Cas9 is high, would disease and disorder 

become a “disease of poverty?”  Does embryonic genome editing open the door to 

eugenics?    And finally, it addresses questions and ethical concerns associated with 

embryonic enhancement.  In addition, this chapter concludes by discussing why we need 

to use this technology, some of the over-arching worries, and whether or not this 

technology has the potential to change the human germline.  
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Introduction 

While the origin of the taxonomic classification for the human species, Homo 

sapiens, is unknown, breaking down the name itself provides an interesting backstory.  

Homo in Latin translates to man or human.  The species name, sapiens, tells the rest of 

the story.  It is by no accident that this sapiens, taken verbatim from the Latin adjective 

meaning “wise,” was used to describe the modern human species.1  The Oxford English 

Dictionary defines “wise” as “having or showing experience, knowledge, and good 

judgment.”2  The mysterious wiring of the brain gives humans the power to use 

knowledge in combination with experience to understand simple concepts and to then 

apply them to form more complex ideas.  For example, understanding some of the basic 

principles of mathematics along with trial and error allowed for the formulation of 

concepts like the Pythagorean Theorem.  Combining complex ideas has also allowed for 

the creation of monumental feats.  An example is the use of multiple laws of physics and 

mathematics to construct architectural wonders, ranging from the Pyramids of Giza and 

the Roman Colosseum to the Taj Mahal and the World Trade Center.   

The human body, while incredibly complex and intricate, has its restrictions.  The 

deepest recorded free dive by a human - without assistive technology, such as a scuba suit 

- is 100 meters.3  The human body can travel upwards without the use of oxygen tanks, 

																																																								
1 “Latin Word Lookup.” Accessed April 1, 2018. http://archives.nd.edu/cgi-

bin/lookit.pl?latin=sapiens. 
 

2 “Wise | Definition of Wise in English by Oxford Dictionaries.” Oxford Dictionaries | 
English. Accessed April 11, 2018. https://en.oxforddictionaries.com/definition/wise. 
 

3 December 14, Brett Israel |, and 2010 12:47pm ET. “Free Diving World Record Broken: 100 
Meters Under the Sea.” Live Science. Accessed February 24, 2018. 
https://www.livescience.com/29898-freediving-world-record-broken-101214.html. 
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airplanes, or rockets to about 792 meters, which space is known as the Death Zone due to 

dangerously low levels of oxygen.4  Despite these limitations, applying knowledge to 

create the aforementioned technologies has both allowed humans to circumvent our 

natural limitations to change our world in many ways.  For one, traveling to the deepest 

depths of the ocean or the top of Mount Everest has allowed humans to continue our 

search for knowledge and make through advances through science.  These innovations 

have also allowed mankind to become more efficient.  Instead of walking, running, or 

riding a horse down the street to pick up groceries, a mile down the road is now just a few 

minutes in a car.  This saves time and allows us to carry out other tasks that need to be 

completed.  Motor vehicles have also improved accessibility to friends and family as they 

are only a drive away.  The establishment of the Internet is arguably the greatest 

achievement in human history.  Despite concerns of anti-social behavior associated with 

the internet, studies show that the Internet’s ability to allow communications at any time, 

ranging from email sites such as Gmail to social media platforms like Instagram, has 

strengthened civic engagement and sociability.5  The Internet has also increased our 

potential to learn, as people can self-teach through websites like Khan Academy.  Many 

other innovations today that we take for granted, such as FaceTime, also rely on the 

Internet.      

																																																								
 

4 “Highest and Lowest Points on Earth | EarthSky.org.” Accessed February 26, 2018. 
http://earthsky.org/earth/highest-and-lowest-points-on-earth. 
 

5 Castells, Manuel. “The Impact of the Internet on Society: A Global Perspective.” MIT 
Technology Review. Accessed February 3, 2018. 
https://www.technologyreview.com/s/530566/the-impact-of-the-internet-on-society-a-
global-perspective/. 
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While the Oxford English Dictionary cites experience, knowledge, and good 

judgment as pillars of what it means to be “wise,” good judgment is perhaps the most 

important of all.  Judgment is defined as “the ability to make considered decisions or 

come to sensible conclusions.”6  In order to formulate what consists of good judgment in 

a particular situation, we must use our knowledge of a certain situation in conjunction 

with personal experience in order to exercise the “best” judgment possible.  While the 

purpose of this thesis is not necessarily focused on delving into what it means to utilize 

the “best” or “good” judgment, something important to keep in mind is that the 

application of wisdom has the potential to shape humanity.  

Over hundreds of years, humanity has employed knowledge to make medical 

discoveries that have changed our world, from Wilhelm Röntgen’s first use of the X-ray 

in 1895, which allowed for doctors to have a much greater understanding of breaks inside 

of the body, to Alexander Fleming’s discovery that penicillin held the key to treating 

various bacterial infections in 1928.7  Medical discovery, however, is often accompanied 

by bioethical issues such as distributive justice; that is, decisions that must be made about 

the distribution of resources when they are either expensive or scarce.8 Distributive 

																																																								
6 “Judgment | Definition of Judgment in English by Oxford Dictionaries.” Oxford Dictionaries 

| English. Accessed April 11, 2018. 
https://en.oxforddictionaries.com/definition/judgment. 
 

7 Sinicki, Adam. “Top 10 Greatest Medical Discoveries of All Time.” HealthGuidance. 
Accessed April 11, 2018. http://www.healthguidance.org/entry/16851/1/Top-10-Greatest-
Medical-Discoveries-of-All-Time.html. 
 

8 Snyder, John, and Candace Gauthier. “Chapter 2: The Underlying Principles of Ethical 
Patient Care.” In Evidence-Based Medical Ethics: Cases for Practice-Based Learning. 
Humana Press, 2008. 
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justice, as well as other bioethical issues, requires wisdom to answer questions such as, 

“how can we use our best judgment to ensure that a new medical technology is accessible 

to millions of individuals?”  Too often we wait until a medical technology is made 

available to discuss bioethical questions like distributive justice.  The distribution of 

hemodialysis in Seattle was originally handled by a committee, known as the “GOD 

panel,” that controversially gave the scarce treatment to those with high social worth.9  

While one could certainly make the argument that this was an acceptable distribution, 

perhaps more proactive discussion in determining who this treatment would be available 

to would have diminished controversy.  However, the purpose of this thesis is not 

necessarily to exclusively debate issues of distributive justice (though, these issues will 

be brought up quite often).  Instead, the objective is to be proactive in discussing ethical 

issues when it comes to biotechnologies rather than allow them to creep up and explode 

when the technology finally becomes available. 

The future of medicine is bright and has the potential to have a profound impact 

on the human species.  However, it is these medical advances that I view with not just 

excitement, but a sense of trepidation due to the ethical issues that come hand-in-hand 

with discovery and ought to be addressed before they become reality.  One future medical 

advance has been spearheaded by Dr. Anthony Atala, who directs the Wake Forest 

Institute for Regenerative Medicine which conducts research on printing replacement 

																																																								
9 Ross, Will. “God Panels and the History of Hemodialysis in America: A Cautionary Tale.” 

Virtual Mentor 14, no. 11 (November 1, 2012): 890. 
https://doi.org/10.1001/virtualmentor.2012.14.11.mhst1-1211. 
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organs for those whose organs suffer from disease or failure.10 Dr. Atala’s work could put 

a serious dent into the organ donation and transplantation crisis that has plagued the 

United States, but until these organs can be printed widely and efficiently, who will have 

access?  Regenerative medicine is just one of the many scientific advances that will 

change our world.  This thesis, however, revolves around the next great scientific 

advance that will have a profound impact on humans, perhaps changing society as we 

know it forever: CRISPR-Cas9 genome editing.    

 

Why the topic of genome editing? 

In brief,11 the CRISPR-Cas9 system is found exclusively in prokaryotic 

organisms, such as bacteria, and serves as an adaptive immunity; “the protection of a host 

organism from a pathogen or toxin…characterized by immunological memory…and is 

highly adaptable.”12  CRISPR stands for clustered regularly interspaced short palindromic 

repeats while Cas9 is the name of a protein that is associated with the system. 13  Since 

Ishino et al. initially discovered these palindromic sequences in 1987, many years of a 

																																																								
10 Shaer, Matthew. “Need a New Organ? Surgeon Anthony Atala Sees a Future Where You 

Can Simply Print It Out.” Smithsonian. Accessed April 10, 2018. 
https://www.smithsonianmag.com/innovation/miracle-maker-anthony-atala-winner-
smithsonian-ingenuity-awards-2016-life-sciences-180961121/. 
 
11 More details to come in Chapter 1.  
 

12 “Adaptive Immunity - Latest Research and News | Nature.” Accessed April 28, 2018. 
https://www.nature.com/subjects/adaptive-immunity. 
 

13 Jansen, Ruud., Jan. D. A. van Embden, Wim. Gaastra, and Leo. M. Schouls. “Identification 
of Genes That Are Associated with DNA Repeats in Prokaryotes.” Molecular 
Microbiology 43, no. 6 (March 1, 2002): 1565–75. https://doi.org/10.1046/j.1365-
2958.2002.02839.x. 
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seemingly endless cycle of science have come a far way in determining how this natural 

system found in prokaryotes can be utilized, through discovery, hypothesis, and research 

to determine just the functionality of this intricate system.14  Now that researchers have a 

better understanding of CRISPR-Cas9’s function in prokaryotes, how can it be applied to 

eukaryotic organisms: organisms that are found in a completely different phylogenetic 

domain?  Once again, researchers have labored extensively to determine how to employ 

this powerful technology as a genome editing tool in eukaryotic cells through 

experimentation in plant, animal, and human cells.  In short, researchers have found a 

way to use the combination of a Cas9 protein and complementary guide RNA to cut out 

an unwanted gene and then engineer a desired gene to replace what was cut out.  

There are many reasons why successfully harnessing CRISPR-Cas9 would be the 

single most important advancement in modern medicine.  CRISPR-Cas9 could be used 

on the somatic cells of humans to fight cancer or other diseases and disorders.  CRISPR-

Cas9 could also be used to edit the embryonic genome to permanently remove diseases 

and disorders that are passed on to offspring via inheritance or appear due to mutations in 

the genome.  Expanding outside the field of medicine, genome editing could even open 

the doors to “enhancing” the height, eye color, IQ, or muscle mass of an individual.  The 

bottom line?  For the first time in human history, we could be able to control our genes.  

CRISPR-Cas9 has applications outside of the human genome, as the genome editing 

																																																								
14 Ishino, Y, H Shinagawa, K Makino, M Amemura, and A Nakata. “Nucleotide Sequence of 

the Iap Gene, Responsible for Alkaline Phosphatase Isozyme Conversion in Escherichia 
Coli, and Identification of the Gene Product.” Journal of Bacteriology 169, no. 12 
(December 1987): 5429–33. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC213968/. 
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technology could be used to create gene drives that could decrease the population of an 

invasive species. 

Before moving on, I would like to acknowledge that science is still quite far from 

being able to confidently edit the genome human embryo to either eliminate disease or 

alter a trait as “simple” as eye color.  In 2001, the International Human Genome 

Sequencing Consortium published their first draft of The Human Genome Project: an 

“international, collaborative research program whose goal was the complete mapping and 

understanding of all the genes of human beings.”15  After the publication, Francis Collins 

of the National Human Genome Research Institute commented that the human genome is 

analogous to “a history book…a shop manual, with an incredibly detailed blueprint for 

building every human cell." Understanding the human genome like a manual would 

enable us to understand how to utilize our genetics to rid of disease or “enhance” the 

human body.  Collins presents an adequate analogy, but the comparison is overly 

optimistic and an oversimplification. Even though the completion of The Human Genome 

Project was a major step forward in the field of science, researchers are still baffled over 

the complexity of the human genome.  A manual or blueprint implies something that is 

easily read, such as a concise step by step guide detailing how to put together a television 

set. For now, though, our genome is not a manual, but rather 20x the size of one of 

Homer’s epics in an alien language. 

																																																								
15 “An Overview of the Human Genome Project.” National Human Genome Research Institute 

(NHGRI). Accessed April 28, 2018. https://www.genome.gov/12011238/an-overview-of-
the-human-genome-project/. 
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While discussing these bioethical issues that are linked to genome editing, I 

concede that we probably (barring unforeseen circumstances) will not be able to edit the 

genes of our children, maybe not even our grandchildren.  Despite this, due to the 

groundbreaking nature of genome editing and its implications, there is no better time to 

be proactive in discussing the ethical issues associated with genome editing.  No matter if 

genome editing was available tomorrow, or 200 years from now, many of the ethical 

questions would remain relevant and hold the same value.    While many questions 

surrounding genome editing can be connected to distributive justice, many other ethical 

issues also exist:  Is it too dangerous to “play God”?  Could genome editing lead to a new 

age of eugenics?  Should parents be allowed to “intentionally diminish” their children?  

Just as medicine will utilize embryonic genome editing to proactively fight against 

disease, I wish to use this thesis to discuss ethical issues associated with genome editing 

that, while seemingly far away from being relevant, are creeping right around the corner.   

 

A roadmap 

Chapter One details how the CRISPR-Cas9 system acts as an adaptive immunity 

for bacteria and provides a brief explanation of how researchers have been able to use the 

CRISPR-Cas9 system for genome editing.  This chapter takes the time to discuss 

different methods of genome editing, like ZFNs and TALENs, and the advantages that 

CRISPR-Cas9 holds over the other genome editing technologies.  This chapter also 

explains why genome editing is preferable to somatic cell editing and explains the roles 

of IVF, PGD, and PGS in genome editing.  Finally, the chapter concludes by listing 
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major reasons why parents would opt to correct an embryo that has a disease or disorder 

instead of just selecting a different embryo.  

Chapter Two first defines the difference between genome editing for treatment 

versus genome editing for enhancement.  The chapter also investigates what humans are 

willing to pay for exceptional genetics by looking at the history of purchasing livestock 

and race horses.  Evaluating the prices of technologies that are necessary for genome 

editing, like IVF, PGD, and PGS, aims to place a price tag on genome editing. While the 

price of genome editing is not exactly clear, being able to estimate that it will have an 

expensive price tag will aid in answering ethical questions of access in the proceeding 

chapters.    

Chapter Three raises just a few of the ethical concerns related to embryonic 

genome editing for the purpose of treatment.  If genome editing for treatment is 

expensive, will certain diseases and disorders become a “disease of poverty?”  Does 

editing the genome to correct diseases and disorders qualify as a eugenic practice?  

Should parents have an obligation to correct disease and disorder in their embryo?  May 

parents “intentionally diminish” their embryos to induce a specific disease or disorder, 

like deafness?     

Chapter Four covers questions concerning embryonic genome enhancement.  

Are there any genes that should be forbidden from being edited?  How much does one’s 

actions depend on their genetics?  Is it nature, nurture, or some combination of the two?  

Are there dangers associated with assuming that nature controls who we become as a 

person?  Finally, this thesis concludes by examining if the use of genome editing 

technology could actually spark our species’ evolution?  Though, biologically, this may 
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not be the case, the thought of people that have been enhanced believing that they are 

above a person who did not undergo genome enhancement is worrisome.  
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CHAPTER 1: AN OVERVIEW OF CRISPR-Cas9 

 

What is the CRISPR-Cas9 System? 

 This thesis is not necessarily concerned with the exact science behind the 

CRISPR-Cas9 technology, as the system’s inner workings are exceedingly difficult to 

understand.  However, I believe it is important to have a broad understanding for how 

this system works in prokaryotes and how the technology would be applied in eukaryotes 

due to its relevance to ethical issues surrounding genome editing.  In addition, a basic 

scientific comprehension of CRISPR-Cas9 will aid in understanding how a few existing 

technologies, such as in vitro fertilization and preimplantation genetic diagnosis and 

screening, are precursor steps to actually using CRISPR-Cas9 to edit an embryo.   

 The CRISPR locus plays a significant role in a prokaryotic cell’s adaptive 

immunity and has been found naturally in 40% of bacteria and in 90% of archaea 

organisms that have had their genome sequenced.16  An adaptive immune response 

occurs when an organism fights off a pathogen and creates an immunological memory of 

a pathogen in order to easily fend off the pathogen should it ever return to the organism.17  

A locus is a particular location or gene on an organism’s chromosome (note that most 

																																																								
16 Marraffini, Luciano A., and Erik J. Sontheimer. “CRISPR Interference: RNA-Directed 

Adaptive Immunity in Bacteria and Archaea.” Nature Reviews. Genetics 11, no. 3 (March 
2010): 181–90. https://doi.org/10.1038/nrg2749. 
 

17 Alberts, Bruce, Alexander Johnson, Julian Lewis, Martin Raff, Keith Roberts, and Peter 
Walter. “The Adaptive Immune System,” 2002. 
https://www.ncbi.nlm.nih.gov/books/NBK21070/. 
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bacteria have just one or two circular chromosomes).18,19  The CRISPR locus consists of 

two DNA variants: repeated, palindromic sequences and spacers.  

 In order for the CRISPR adaptive immune system to activate, the organism must 

first be invaded by a plasmid or phage.  After the pathogen is inside of the organism, the 

invader’s DNA is “cut up” into small sequences and is inserted between two sequences of 

repeated DNA at the CRISPR region.  The small sequence of foreign DNA that is placed 

between the repeated regions is called a spacer (it is the space between the two repeated 

regions!).  The spacer, is used as a template in transcription to create small sequences of 

CRISPR RNAs (CRISPR RNA will be called gRNA, known as guide RNA) that are 

transcribed into tracrRNA.  If offspring from that same plasmid or phage were to return 

to the bacteria, the gRNA-tracrRNA-Cas9 complex aids in cutting the specific region of 

DNA that corresponds to the gRNA made from the spacer that came from the initial 

plasmid or phage, thus assuring the destruction of the new invader.20,21,22 A visual of 

																																																								
18 “Definition of Locus - NCI Dictionary of Cancer Terms.” NciAppModulePage. National 

Cancer Institute. Accessed March 5, 2018. 
https://www.cancer.gov/publications/dictionaries/genetics-dictionary. 
 

19 “Chromosomes Fact Sheet.” National Human Genome Research Institute (NHGRI). 
Accessed March 5, 2018. https://www.genome.gov/26524120/Chromosomes-Fact-Sheet. 
 

20 “CRISPR: A Game-Changing Genetic Engineering Technique.” Science in the News (blog), 
July 31, 2014. http://sitn.hms.harvard.edu/flash/2014/crispr-a-game-changing-genetic-
engineering-technique/. 
 

21 Reference, Genetics Home. “What Are Genome Editing and CRISPR-Cas9?” Genetics 
Home Reference. Accessed March 5, 2018. 
https://ghr.nlm.nih.gov/primer/genomicresearch/genomeediting. 
 

22 Peng, Rongxue, Guigao Lin, and Jinming Li. “Potential Pitfalls of CRISPR-Cas9-mediated 
Genome Editing.” The FEBS Journal 283, no. 7 (April 1, 2016): 1218–31. 
https://doi.org/10.1111/febs.13586. 
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CRISPR-Cas9’s function in bacteria can be found in the Appendix A.  In layman’s terms, 

bacteria use the CRISPR-Cas9 system to eliminate an invading plasmid or phage, store 

the DNA of that invader in their own DNA, and use that genetic information as a memory 

bank that is easily accessible to use when fighting an offspring of that plasmid or phage  

 

Using CRISPR-Cas9 to edit the genome and non-human applications 

Why is science working so hard to harness the power of the CRISPR-Cas9 system 

for eukaryotic organisms?  The human body already has a complex and high functioning 

immune system.  The functionality of the Cas9 protein allows researchers to target and 

replace a specific mutated or undesired gene.  To give a brief discussion of the genome 

editing technique, researchers work to create asgRNA strand, with a Cas9 protein 

attached, that is complementary to a specific sequence of DNA in the genome.  After 

releasing this manufactured sgRNA-Cas9 complex into the organism, it binds to the 

complementary sequence of DNA and that DNA is cut via the Cas9 protein.  From this 

point, researchers can either utilize the natural repair system of the organism to fix the cut 

in the DNA or even insert a custom made sequence.7 Please see Appendix B for a more 

detailed mechanism on using the Cas9 protein and sgRNA for the purpose of genome 

editing.  In layman’s terms, researchers use the sgRNA to attach to a certain sequence of 

DNA that they wish to cut using the Cas9 protein.  After this occurs, the DNA either 

repairs itself or researchers can fill in the gap in the DNA created by cut in order to insert 

their gene of choice (which could be particularly useful for treating disease or enhancing 

an embryo).   
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The CRISPR-Cas9 technology has the power to change the world as we know it, 

and its scope of use does not necessarily have to be limited to humans.  Genome editing 

has been utilized in a major way in the agriculture industry.  In one instance, Wang et al. 

used CRISPR-Cas9 to disrupt the myostatin gene in pigs.  This would give the pig more 

muscle, and therefore, more meat that can be eaten.  The team concluded from their 

results that this form of genome editing “can efficiently generate genetically modified 

pigs with biological safety.”23  This same experiment was successfully performed by 

Crispo et al. and his team concluded that the CRISPR-Cas9 technology is “quick and 

easy to perform and less expensive than previous techniques” and is quite useful for 

“genetically modify[ing] animal models of interest for biomedicine and livestock.”24  To 

continue with the theme of agriculture, Zhang et al. used CRISPR-Cas9 on wheat in order 

to decrease the amount of crop loss to powdery mildew.  Their research proved to be 

quite successful, as the gene edited plants resisted the powdery mildew and lived.25  

																																																								
23 Wang, Kankan, Hongsheng Ouyang, Zicong Xie, Chaogang Yao, Nannan Guo, Mengjing 

Li, Huping Jiao, and Daxin Pang. “Efficient Generation of Myostatin Mutations in Pigs 
Using the CRISPR-Cas9 System.” Scientific Reports 5 (November 13, 2015). 
https://doi.org/10.1038/srep16623. 
 

24 Crispo, M., A. P. Mulet, L. Tesson, N. Barrera, F. Cuadro, P. C. dos Santos-Neto, T. H. 
Nguyen, et al. “Efficient Generation of Myostatin Knock-Out Sheep Using CRISPR-Cas9 
Technology and Microinjection into Zygotes.” PLoS ONE 10, no. 8 (August 25, 2015). 
https://doi.org/10.1371/journal.pone.0136690. 
 

25 Zhang, Yunwei, Yang Bai, Guangheng Wu, Shenghao Zou, Yongfang Chen, Caixia Gao, 
and Dingzhong Tang. “Simultaneous Modification of Three Homoeologs of TaEDR1 by 
Genome Editing Enhances Powdery Mildew Resistance in Wheat.” The Plant Journal: 
For Cell and Molecular Biology 91, no. 4 (August 2017): 714–24. 
https://doi.org/10.1111/tpj.13599. 
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 CRISPR-Cas9 can also be used in creating gene drives, which allow scientists to 

force a specific trait through a population by inserting a gene into the genome of a 

population that previously did not have that desired gene.26,27  New Zealand, for example, 

has an awful invasive species problem.  While different methods, such as poisonous gas 

chambers and drones, have been used to try and eliminate the invasive rat and possum 

populations, many scientists agree that using CRISPR-Cas9 to slowly decrease the rate of 

reproduction in a population presents the best chance at decreasing the population of 

invasive species.28  Perhaps the largest application of gene drives is applying genome 

editing to malaria-transmitting mosquitoes.  Hammond et al. used CRISPR-Cas9 to 

induce female sterility in mosquitoes in cage experiments that had a 91.4-99.6% rate of 

passing the infertility gene to their progeny.29  Based on the results, the team felt 

comfortable stating that the “findings could expedite the development of gene drives to 

suppress mosquito populations to levels that do not support malaria transmission.”29  

																																																								
26 Borel, Brooke. “When Evolution Fights Back Against Genetic Engineering.” The Atlantic, 

September 12, 2016. https://www.theatlantic.com/science/archive/2016/09/gene-
drives/499574/. 
 

27 Carroll, Dana. “Genome Editing: Past, Present, and Future.” The Yale Journal of Biology 
and Medicine 90, no. 4 (December 19, 2017): 653–59. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5733845/. 
 

28 Owens, Brian. “Behind New Zealand’s Wild Plan to Purge All Pests.” Nature News 541, no. 
7636 (January 12, 2017): 148. https://doi.org/10.1038/541148a. 
 

29 Hammond, Andrew, Roberto Galizi, Kyros Kyrou, Alekos Simoni, Carla Siniscalchi, 
Dimitris Katsanos, Matthew Gribble, et al. “A CRISPR-Cas9 Gene Drive System 
Targeting Female Reproduction in the Malaria Mosquito Vector Anopheles Gambiae.” 
Nature Biotechnology 34, no. 1 (January 2016): 78–83. https://doi.org/10.1038/nbt.3439. 
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While it is a major step to make this assertion, using this technology to solve problems 

that affect humanity on such a large scale may not be far off in the future.   

 

Other genome editing technologies and why CRISPR-Cas9? 

 CRISPR-Cas9 is not the only tool used for gene-editing.  Many other technologies 

exist.  One such technology is zinc finger nucleases (ZFNs).  ZFNs create a double-strand 

break and then allow natural DNA repair processes to occur.30  In addition, the ZFNs 

recognize 3-6 nucleotide triplets and bind upstream on one side of the DNA and 

downstream on the opposite side of the DNA.  Another technology that is fairly similar to 

ZFNs are transcription activator-like effector nucleases (TALENs).  While both ZFNs 

and TALENs both use non-specific nucleases to cleave the DNA, TALENs do not 

recognize triplets.  Instead, they look for a single nucleotide.31   

What advantages do CRISPR-Cas9 hold over ZFNs and TALENs?  The science, 

again, is complicated.  To provide a brief explanation, CRISPR-Cas9 only requires one 

molecule, the gRNA, to guide the Cas9 protein to make the cut in the genome whereas 

both ZFNs and TALENs require two guides.32  In addition, CRISPR-Cas9’s use of small 

gRNA sequences instead of bulky proteins allows multiple targeting sites.16  As a result 

																																																								
30 Carroll, Dana. “Genome Engineering With Zinc-Finger Nucleases.” Genetics 188, no. 4 

(August 2011): 773–82. https://doi.org/10.1534/genetics.111.131433. 
 

31 Yeadon, Jim, and Ph.D. “Pros and Cons of ZNFs, TALENs, and CRISPR/Cas.” The 
Jackson Laboratory. Accessed March 6, 2018. https://www.jax.org/news-and-
insights/jax-blog/2014/march/pros-and-cons-of-znfs-talens-and-crispr-cas. 
 

32 “CRISPR: The End for Zinc Fingers?” News-Medical.net, January 13, 2016. 
https://www.news-medical.net/life-sciences/CRISPR-The-End-for-Zinc-Fingers.aspx. 
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of many of these shortcomings, ZFNs and TALENs are losing popularity due to their low 

specificity.33 as well as  These advantages over ZFNs and TALENs are what makes 

CRISPR-Cas9 more efficient and precise than its competition.34  With this being said, 

CRISPR-Cas9 has its disadvantages, including unwanted cleavage at a non-target site and 

the technology’s ineffectiveness in combating mosaicism, which is when a mutation only 

occurs in a few and not all cells.16  Despite these disadvantages, if CRISPR-Cas9 proves 

to be a safe and trusted mechanism to edit our genes, “life in the modern world will 

change drastically.”35 

Applying this technology to human somatic cells versus human embryos. 

CRISPR-Cas9, and other genome editing techniques, can be applied to both 

somatic cells and embryos.  Somatic cells are any cells in an organism, such as skin, 

internal organs, and bones, that are not reproductive cells, such as sperm and ova.36  An 

embryo is “the early stage of human development in which organs and critical body 

																																																								
33 Peng, Rongxue, Guigao Lin, and Jinming Li. “Potential Pitfalls of CRISPR-Cas9-mediated 

Genome Editing.” The FEBS Journal 283, no. 7 (April 1, 2016): 1218–31. 
https://doi.org/10.1111/febs.13586. 
 

34 He, Zuyong, Chris Proudfoot, C. Bruce A. Whitelaw, and Simon G. Lillico. “Comparison of 
CRISPR-Cas9 and TALENs on Editing an Integrated EGFP Gene in the Genome of 
HEK293FT Cells.” SpringerPlus 5, no. 1 (June 21, 2016). 
https://doi.org/10.1186/s40064-016-2536-3. 
 

35 CNN, Thom Patterson, video produced by Rachel Crane. “If It Works, CRISPR Genome 
editing Will Change Our Lives.” CNN. Accessed March 6, 2018. 
https://www.cnn.com/2015/10/30/health/pioneers-crispr-dna-genome-editing/index.html. 
 

36 “Somatic Cell.” ScienceDaily. Accessed March 6, 2018. 
https://www.sciencedaily.com/terms/somatic_cell.htm. 
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structures are formed.”37  The embryo is considered a fetus in the 11th week of pregnancy.  

Many experiments using both somatic cells and embryos have been conducted using 

CRISPR-Cas9.   

Genome editing somatic cells means applying the technology to an individual 

who is in vivo, or a living organism.  In October of 2017, former NASA biochemist 

Josiah Zayner made headlines by becoming the alleged first individual to utilize 

CRISPR-Cas9 in his quest to no longer be a “slave to the genetics [people] are born 

with.”  Zayner injected DNA containing the Cas9 protein as well as appropriate gRNAs 

into his forearm to knock out the myostatin gene, which stops muscle growth.38,39  With 

this being said, even he admits that the results have not shown a change in his body.40  

Zayner is the current CEO of The Odin, which sells CRISPR kits to individuals who 

would like to edit the genes of bacteria.  The company’s website, while advertising their 

kits for bacterial genome editing, does not necessarily advise against editing other 

organisms, such as mammals, stating that all the individual has to know is “there are lots 

																																																								
37 “Embryo vs. Fetus: The First 27 Weeks of Pregnancy.” MedicineNet. Accessed March 6, 

2018. https://www.medicinenet.com/embryo_vs_fetus_differences_week-by-
week/article.htm. 
 

38 Pearlman, Alex. “Biohackers Are Using CRISPR on Their DNA and We Can’t Stop It.” 
New Scientist. Accessed March 6, 2018. 
https://www.newscientist.com/article/mg23631520-100-biohackers-are-using-crispr-on-
their-dna-and-we-cant-stop-it/. 
 

39 Zayner, Josiah. “The First Attempt At Human CRISPR Genome editing.” Accessed March 
6, 2018. http://www.ifyoudontknownowyaknow.com/2017/10/the-first-human-to-
attempt-crispr-gene.html. 
 

40 Lee, Stephanie M. “This Biohacker Is Trying To Edit His Own DNA And Wants You To 
Join Him.” BuzzFeed. Accessed March 6, 2018. 
https://www.buzzfeed.com/stephaniemlee/this-biohacker-wants-to-edit-his-own-dna. 
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of regulations regarding animals experimenting.”  In addition, the company offers a 

complete guide “to show people the ease at which CRISPR-Cas9 can be used to modify 

the adult human genome,” even though the company concludes, at the very end of the 

guide, that the myostatin knock-out plasmid is neither “injectable” nor “meant for human 

use.”41 

In August 2017, an article that appeared in Nature announced that Shoukhrat 

Mitalipov and his international team of researchers were able to use CRISPR-Cas9 to 

target the MYBPC3 gene, which is responsible for causing the heart muscle to thicken, in 

viable embryos.42  This mutation, which is called hypertrophic cardiomyopathy, is 

considered to be the “leading cause of sudden death in young athletes.”43  The trial was 

also successful due to the lack of mosaicism and off-target mutations.  This recent 

success, however, has been met with much criticism.  Later that August, Egli et al. 

proposed various other mechanisms, ranging from parthenogenesis (embryos produced 

without genetic contribution from the sperm) to using the incorrect genetic assay, that 

																																																								
41 “DIY Human CRISPR Guide.” Accessed March 6, 2018. http://www.the-

odin.com/diyhumancrispr/. 
 

42 Ma, Hong, Nuria Marti-Gutierrez, Sang-Wook Park, Jun Wu, Yeonmi Lee, Keiichiro 
Suzuki, Amy Koski, et al. “Correction of a Pathogenic Gene Mutation in Human 
Embryos.” Nature 548, no. 7668 (August 2017): 413–19. 
https://doi.org/10.1038/nature23305. 
 

43 Ledford, Heidi. “CRISPR Fixes Disease Gene in Viable Human Embryos.” Nature News 
548, no. 7665 (August 3, 2017): 13. https://doi.org/10.1038/nature.2017.22382. 
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could have that caused Mitalipov’s results.44,45  Mitalipov has denied these criticisms and 

has stated that “Egli et al. offers no new results but instead relies on alternative 

explanations of our results based on pure speculation.”35  While the results of Mitalipov’s 

research may show that the successful application of genome editing in embryos is 

unclear, one cannot help but feel excited that research using genome editing human 

embryos to cure genetic disease has begun and has shown signs of success.   

  One advantage of genome editing somatic cells is that individuals can provide 

proper consent if he or she would like their genes to be altered.  They can make their own 

decision, whereas editing an embryo does not take the potential child’s opinion into 

account.  While making a substituted judgement to edit out a debilitating genetic disease 

may seem easy, perhaps children wish to have the genes that their mother and father 

naturally gave them.  Ethical debates, such as this, are discussed further in Chapter 3.  

Despite this advantage, one major disadvantage that clouds over somatic cell genome 

editing is attempting to fix genetic diseases that have systemic effects.  If a person wishes 

to have a condition treated by genome editing, it may be difficult.  Diseases like cystic 

fibrosis and Huntington’s disease have systemic effects that cannot be treated completely 

effectively because there are millions of cells that code for the genetic disease in the 

body.   

																																																								
44Callaway, Ewen. “Doubts Raised about CRISPR Gene-Editing Study in Human Embryos.” 

Nature News. Accessed March 6, 2018. https://doi.org/10.1038/nature.2017.22547. 
 

45 Egli, Dieter, Michael Zuccaro, Michal Kosicki, George Church, Allan Bradley, and Maria 
Jasin. “Inter-Homologue Repair in Fertilized Human Eggs?” BioRxiv, August 28, 2017, 
181255. https://doi.org/10.1101/181255. 
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To provide an example, in November 2017, researchers announced that they had 

enrolled 44-year-old Brian Madeux, who suffers from Hunter syndrome, in an in vivo 

genome editing clinical trial using ZFNs.46  The purpose of the trial is to modify the 

genes of liver cells and turn them “into a factory for making the enzyme missing in 

Hunter syndrome.”  Although Madeux suffered from side effects like cold sweats, a 

partially collapsed lung, and a severe cough, it was reported in February 2018 that 

Madeux’s liver did not exhibit any signs of harm.47  Despite this success, there is still 

cause for concern.  Dr. James Wilson of the University of Pennsylvania released a study 

that stated that monkeys and piglets that were receiving experimental gene therapies 

experienced severe levels of toxicity in their livers and had to be euthanized.48  Another 

issue with somatic cell therapy, as it pertains to the described case, is that the enzyme that 

the liver now produces does not cross the blood-brain barrier.46  As a result, Hunter’s 

syndrome will more than likely continue to affect Madeux’s brain.  Given Madeux’s 

																																																								
46 Kaiser, Jocelyn, 2017, and 6:00 Pm. “A Human Has Been Injected with Gene-Editing Tools 

to Cure His Disabling Disease. Here’s What You Need to Know.” Science | AAAS, 
November 15, 2017. http://www.sciencemag.org/news/2017/11/human-has-been-
injected-gene-editing-tools-cure-his-disabling-disease-here-s-what-you. 
 

47 “Second Man Undergoes Genome editing; Therapy Has No Safety Flags So Far.” VOA. 
Accessed May 2, 2018. https://www.voanews.com/a/second-man-undergoes-gene-
editing/4242428.html. 
 

48 Wilson, James, Christian Hinderer, Nathan Katz, Elizabeth Buza, Cecilia Dyer, Tamara 
Goode, Peter Bell, and Laura Richman. “Severe Toxicity in Nonhuman Primates and 
Piglets Following High-Dose Intravenous Administration of an Adeno-Associated Virus 
Vector Expressing Human SMN | Human Gene Therapy.” Mary Ann Liebert, Inc., 
publishers. Accessed May 2, 2018. 
https://www.liebertpub.com/doi/pdf/10.1089/hum.2018.015?__hstc=12316075.b72414e5
03c5fcfd9b63e6a03bf18d6c.1525230503605.1525230503605.1525230503605.1&__hssc
=12316075.1.1525230503606&__hsfp=1643352934&. 
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ailment, using ZFNs, CRISPR-Cas9, or TALENS may prove to be ineffective when 

treating a disease or disorder that affects a variety of cells in the body as opposed to 

treatment for a very specific set of cells in the body. 

This thesis focuses on issues surrounding embryonic genome editing using 

CRISPR-Cas9.  While ethical issues concerning both forms of editing are quite 

compelling, there are a range of reasons why I am choosing to address using CRISPR-

Cas9 for embryonic genome editing.  One reason is because some genetic mutations are 

not necessarily correctable in adults.  For example, Hunter’s syndrome has a systemic 

effect.  Researchers may be able to use genome editing to treat his liver cells to create the 

missing enzyme, but that enzyme will never be able to cross into the brain.  Using 

embryonic genome editing to correct Hunter syndrome would prevent the disease from 

affecting the entire body and would also prevent mosaicism.  The main reason for 

choosing to focus on embryonic editing is because the future of medicine is preventive 

instead of reactive.  As mentioned above, I believe editing the embryo is a practical way 

of preventing a disease, rather than reacting to a genetic disease after the child is born.  

Why wait for an individual to be born with a disease, like Hunter’s syndrome, when that 

condition could have been corrected via embryonic genome editing?  In addition, if 

preventive medicine is indeed the future, then the future will also see humans, for the 

right price, of course, having the ability to edit their child’s genome for characteristics 

other than assuring the health of a child, such as eye color, height, or even personality.  

This raises many questions, ranging from “Should we utilize this technology at all?” to 

“Are we changing the human germline?”  However, before jumping into ethical debate, I 

believe it is important to try and understand the CRISPR-Cas9 technology from a 
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financial perspective to get a hold on how much this technology could cost.  Having this 

data will both aid in partially answering some ethical debate while giving rise to even 

more ethical questions.   

 

The role of IVF, PGD, and PGS in genome editing 

The in vitro fertilization (IVF) process can be broken down into four steps.  Step 

one calls for multiple consultations at a fertility clinic and taking fertility hormones that 

will prompt the ovaries to produce eggs.  Step two consists of extracting and incubating 

the eggs.  Step three involves fertilizing the egg with the partner or donor sperm.  Step 

four examines which embryos are the healthiest and have the best prospects of leading to 

a pregnancy.  Once an embryo (or two) is chosen, it is then placed into the uterine 

cavity.49  This four step process is considered one cycle of treatment.  IVF’s importance 

to genome editing is covered more extensively in Chapter 2, which examines the 

potential financial cost of genome editing technology.  To give a brief preview, IVF’s 

process of extracting the egg would be used in order to apply the genome editing 

technology in vitro, as trying to edit an embryo in vivo would prove to be quite difficult.         

Two important tests that can be performed during IVF between steps three and 

four, for an additional cost, are preimplantation genetic diagnosis (PGD) and 

preimplantation genetic screening (PGS).  PGD, which is usually coupled with IVF, 

diagnoses genetic disorders in embryos, such as Sickle cell disease, Cystic Fibrosis, and 

Fragile X syndrome, before the embryo is transferred to establish a pregnancy.  In 

																																																								
49 “IVF Process: 4 Steps to Getting Pregnant | Attain Fertility.” Accessed March 9, 2018. 

https://attainfertility.com/article/get-pregnant. 
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addition, PGD can even determine the sex of an embryo.19 PGS also occurs prior to 

transferring the embryo, but this test instead screens embryos to ensure the presence of 23 

chromosomes and to confirm that aneuploidy (an abnormal amount of chromosomes) is 

non-existent.50  

How are these screenings and diagnoses related to genome editing if the actual 

genome of the embryo is unchanged?  IVF, PGD, and PGS are all steps that would be 

necessary before editing the embryo.  IVF contributes to genome editing by extracting 

and fertilizing an egg in vitro.  Attempting to edit an embryo in vivo would prove to be 

extremely difficult.  PGD and PGS determine whether or not a genetic abnormality 

exists.  Without this technology, how would a researcher know which genes to edit in the 

embryo?  In addition, researchers would have to use PGD and PGS again, as a way to 

check their work, to make sure that the gene edits worked.  

 

 

 

Correction versus Selection 

As previously described, CRISPR-Cas9 quite clearly has competition in ZFNs 

and TALENs.  However, perhaps the greatest challenger of the CRISPR-Cas9 technology 

exists in the form of PGD and PGS.  If we have the ability to examine embryos through 

PGD and PGS and select an embryo that does not have a specific disease or disorder, 

																																																								
50 “The Difference Between PGD and PGS.” Fertility Centers of New England, December 2, 

2013. https://www.fertilitycenter.com/fertility_cares_blog/the-difference-between-pgd-
and-pgs/. 
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then what is the purpose of adding an extra expense and risk to edit the genes of an 

embryo.  This is a debate known as correction (editing an embryo) versus selection 

(choosing an embryo without disease or disorder).  There are a few reasons why a couple 

would choose to select a healthy embryo instead of correcting an embryo.  The first 

reason is the extra expense of editing.  Chapter 2 examines in further depth of the pricing 

behind a genome editing procedure, but IVF, PGD, and PGS are expensive enough.  Why 

correct a disease instead of saving the extra thousands of dollars and just select an 

embryo that does not have the disease?  In addition, while researchers have made 

progress in genome editing, why risk off-target mutations when a healthy embryo could 

be selected?     

There are three major situations where correction would be favored over 

selection.  The first situation arises when two parents create embryos where a defect 

affects all embryos that are candidates for implantation into the uterus.  Imagine a 

scenario where both a mother and father are carriers for Tay Sachs disease.  This 

extremely rare disease causes infants to have extremely low levels of enzyme activity 

(sometimes no enzyme activity at all).51  If the parents go through the IVF process and all 

of the implantable eggs are homozygous for the Tay Sachs disease gene, the only way to 

guarantee the parents that their child will not be born without the disease is through 

correcting one of the embryos.     

																																																								
51 “Tay-Sachs Disease | Genetic and Rare Diseases Information Center (GARD) – an NCATS 

Program.” Accessed May 3, 2018. https://rarediseases.info.nih.gov/diseases/7737/tay-
sachs-disease. 
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A second reason correction may be preferred to selection is because of the small 

amount of implantable embryos that result from IVF.  A study published by Sunkara et 

al. in the journal Human Reproduction reported that the ideal amount of eggs to retrieve 

during the IVF process is 15 and that retrieving more than this amount can increase the 

risk of side effects from fertility drugs.52  In addition, the study showed that the chance of 

a successful live birth increases up until 15 eggs are retrieved and then decreases if more 

than 15 eggs are retrieved.    Even though 15 eggs is cited as the optimal number of eggs 

for a successful live birth, it is very possible that a fertility clinicians can only gather 

fewer than 10 eggs for fertilization.  During the IVF process, after fertilizing the eggs, 

fertility clinics assign the embryos grades in the day three cleavage stage or day five 

blastocyte stage that indicate the embryos’ chance of resulting in a live birth.53  The point 

to take away is that sometimes, after a cycle of IVF, parents have a limited supply of 

embryos to choose from.  As a result, instead of paying an exorbitant amount of money to 

go through another cycle of IVF, parents may choose to spend the money and edit the 

genes of one of their embryos.   

The third situation where correction makes more sense than selection is that it 

would be difficult to select an enhancement from a group of embryos.  If parents gave 

researchers a laundry list of enhancements they would like their child to have, including 

																																																								
52 Sunkara, Sesh Kamal, Vivian Rittenberg, Nick Raine-Fenning, Siladitya Bhattacharya, 

Javier Zamora, and Arri Coomarasamy. “Association between the Number of Eggs and 
Live Birth in IVF Treatment: An Analysis of 400 135 Treatment Cycles.” Human 
Reproduction 26, no. 7 (July 1, 2011): 1768–74. https://doi.org/10.1093/humrep/der106. 
 

53 Health (UK), National Collaborating Centre for Women’s and Children’s. Procedures Used 
during in Vitro Fertilisation Treatment. Royal College of Obstetricians & 
Gynaecologists, 2013. https://www.ncbi.nlm.nih.gov/books/NBK327783/. 
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blonde hair, blue eyes, and over six feet tall, the parents would have to have Lady Luck 

on their side to ensure that one of the few embryos that are suited for implantation check 

all of those boxes.  To clarify, this would not necessarily fit the correction versus 

selection debate because editing a child for blue eyes or blonde hair is not “correcting” 

anything.  Nonetheless, researchers would still have to edit an embryo for enhancement 

instead of selecting an existing embryo.      
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CHAPTER 2: PRICING CRISPR-Cas9 

 

 Harnessing the power of CRISPR-Cas9 technology could allow humans to not 

only edit disease out of the genome, but also change other characteristics, such as eye 

color and height.  Before diving into the ethical concerns associated with utilizing 

genome editing, perhaps the greatest question of all must be addressed: What will be the 

price of editing the human genome?  Due to the groundbreaking nature of CRISPR-Cas9, 

this is a difficult task.  One would expect the price to be pretty high, but how high?  I am 

not economist, and for that reason, I am in no way authorized to give a predicted price for 

CRISPR-Cas9 if it becomes available for treatment, enhancement, or both.  Despite my 

shortcomings, this chapter examines existing data that covers how humans value perfect 

genes in conjunction with the pricing medical technologies, such as IVF, PGD, and PGS, 

that are necessary steps that must be taken before editing an embryo.  This chapter also 

takes the time to distinguish between two goals of editing: treatment and enhancement.  

Both of these terms will be defined in this chapter and will be referred to quite often 

throughout the rest of this paper.  Determining how the price would differ for these two 

services will provide important data when discussing some of the ethical issues that will 

be analyzed in Chapter 3 and Chapter 4.  

 

Treatment versus Enhancement 

 Before examining the different methodologies of pricing the CRISPR-Cas9 

technology, it is important to define the distinction between editing the genome for the 

treatment of diseases versus editing the genome for enhancement.  Treatment, in this 
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case, refers to correcting any type of genetic disease and/or disorder that can be identified 

by looking at the genome.  An example could be correcting mutations in the BRCA1 and 

BRCA2 genes, which may lead to breast cancer.54 Editing these genes in an embryo 

would be considered taking preventive measures against potential diseases and disorders.  

Enhancement, on the other hand, is a little more difficult to define.  The definition 

that I will use is derived from a paper by Norman Daniels, who states that enhancement 

involves “boosting our capabilities beyond the species-typical level or statistically normal 

range of functioning.”55  By this definition, examples of enhancement could include 

increasing vision beyond 20/20 or increasing muscle mass.  More extreme and 

complicated examples of enhancement could be editing the human body to be able to 

photosynthesize or drastically extending the human lifespan. 56                 

 While these concepts seem straightforward, there are plenty of potential gene 

edits that fall between the realms of treatment and enhancement.  One example is the use 

of human growth hormone (HGH).  When one thinks about HGH, the first thing that 

comes to mind is doping in professional sports, where athletes use HGH to enhance their 

game and illegally create a competitive advantage (which could result in a big 

payday…or indefinite suspension if caught).  However, this is not the only use for HGH, 
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as the hormone is also used to treat “short stature children.”5 Some children end up being 

shorter than average, while others are actually deficient in natural HGH.  One could argue 

that editing an embryo that genetically expresses a predicted deficiency in natural HGH is 

a form of treatment; conversely, editing higher HGH levels into an embryo that would 

otherwise express normal HGH levels, but would be short for other reasons, is an 

example of enhancement.  This gray area is caused by differentiating what is typical of a 

species versus the individual values of a person.  On one hand, parents may want to 

increase the amount of HGH to the amount normally found in a person so that their child 

has the amount that is typical of most humans.  On the other hand, parents may want to 

increase the total amount of HGH in their child, even if they already have normal levels 

of HGH, based on personal preferences.  There are many questions that come from the 

treatment versus enhancement debate, which are addressed in Chapter 3 and Chapter 4.  

For now, though, let’s stick to pricing.   

 

Ponying up for exceptional genes  

 What are people willing to pay for exceptional genes in animals, such as for live-

stock or racing?  In 1985, a group of investors bought a Holstein cow, named Mist, for 

about 1.3 million dollars (worth approximately 1.7 million dollars today).57,58  Why was 

the price of this particular cow so high?  Livestock and pets can sell for a fortune, but 
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reaching above a million dollars is extremely rare.59  According to Jerome Rappaport, 

who put the cow up for auction, the cow had “a high pedigree, high index and her milk 

had a high butterfat content.”1 In addition, Mr. Rappaport believed that this cow’s worth 

went beyond her milk, as she could be “the founder of a great generation of cows,” which 

could net the winning bidders a fortune (at the time of the auction, she was pregnant with 

14 viable embryos).6,60  A follow up story in November of the same year suggested that 

the investment group had already started to make their money back on the purchase 

through studding Mist’s male offspring.3         

If a racehorse has a successful career on the track, the owner will typically retire 

the horse and make it available as a stud.  In 2015, American Pharoah became the first 

horse to win the Triple Crown in 30 years (winning the Kentucky Derby, The Preakness 

Stakes, and The Belmont Stakes in just a month’s time).  This is a feat that has been 

accomplished just 12 times.  According to the Coolmore website (the farm where 

American Pharoah currently resides), American Pharoah’s stud fee is listed as 

“Private.”61  However, many sources claim that the stud fee is somewhere around 
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$200,000.62,63  In contrast, Smarty Jones, who came up one race short of winning the 

Triple Crown in 2004 (placed 2nd at the Belmont Stakes), started off retirement with a 

$100,000 stud fee.64  However, due to the lack of success of his offspring, his stud fee 

currently stands at just $7,500.65  Around the same time as Smarty Jones’ retirement, a 

relatively unknown racehorse named Tapit retired and had his stud fee start at $15,000.66  

In this case, due to the success of his progeny (which according to his breeder’s website, 

totals $122 million on the racetrack), his stud fee has risen exponentially and currently 

sits at $300,000.67    

What is the purpose of the animal analogy?  When you look at horses and their 

stud fees, it is important to look at the performances of their offspring because if you pay 

large amounts of money for champion-level genes, or supposedly champion-level genes, 

you expect performance to justify why an animal was bought for a luxurious price.  
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People pay for success.  This is what happened to Tapit.  People will not pay a hefty price 

for a lack of results, even if the foal comes from a champion like Smarty Jones.  He was a 

one of a kind racehorse.  As a stud, however, he has not replicated the same success.  If 

genome editing goes beyond treatment and spills over to the area of enhancement, 

success (as with any other product) will dictate the price of the service.  Given that 

individuals are willing to pay several hundred thousand dollars to play the lottery to see if 

a champion horse will pass its superior genes to its foal, I would imagine that people who 

have the financial means will not shy away from paying the premium price to assure a 

specific set of genes for their own children.  Please note, however, that the goal of 

horseracing is to turn a profit.  While parents would not necessarily profit from endowing 

their children with exceptional genes (though I can think of quite a few examples in 

athletics where athletes buy their parents houses, cars, jewelry etc.), children could earn 

scholarships for intellectual acumen or athletic talent that could save their parents money.  

An individual could have the desired genetic make-up to be an NFL star or the next 

Einstein, but having these genes in no way guarantees success.  The discussion of nature 

versus nurture is furthered in Chapter 4. 

 

The price for associated procedures  

 The current prices of IVF, PGD, and PGS, all of which are medical technologies 

that are associated with CRISPR-Cas9, can be evaluated to establish a minimum price if 

CRISPR-Cas9 were to be available today.  Because editing an embryo would involve an 

in vitro approach, some variation of IVF would probably be used in order to edit the 

embryo.  This requires taking the price of IVF into consideration when trying to 
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determine the price of using CRISPR-Cas9.  When a couple is battling infertility and 

chooses to try IVF, as previously discussed in Chapter 1, they receive a cycle of 

treatment.  Even though a cycle is by no means guaranteed to work, each costs 

somewhere around $12,000, while the drugs that must be taken tack on additional fees 

ranging between $3,000 and $5,000.68  Because the success rate of a cycle has been 

estimated to be about 40%, couples may have to go through two or three cycles to have 

just one live birth.69  If the couple lives in an IVF non-friendly insurance state (which is 

most states), the price for just one live birth could be close to $60,000.70  

 When a couple has already invested tens of thousands of dollars in IVF, couples 

who can afford to further their investment might take the additional step of using PGD 

and PGS.  This could ensure, to some degree, that the embryo that they have worked and 

paid so much to have is free of any potential genetic diseases and disorders.  In order for 

a couple to know what genes they would like to edit in an embryo, they would have to 

use technologies such as PGD and PGS to identify the genetic disease they would like to 

be treated and other technologies to identify genes they would like to be enhanced.  Keep 

in mind, an individual would probably pay for PGD and PGS a second time just to make 

sure that the editing actually worked.  Pricing for these services is difficult to pin down, 
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but most prices fall somewhere between $2,500 and $7,000 each.71  Judging by the 

average of this range, $4,750, one could estimate that bundling both PGD and PGS with 

IVF would cost an additional $9,500 to determine whether or not genetic abnormalities 

exist.  Tack on another $9,500 to check the genome editing, and the total price to use the 

PGD and PGS technologies comes out to be about $19,000.  PGD actually has a very 

high accuracy rating of about 98%; in contrast, the accuracy of PGS is often called into 

question (the culprit, most of the time, being mosaicism).72,73  The total cost of just 

extracting an egg, allowing fertilization, and examining the embryo for any potential 

diseases, and using that examination technology one more time to check the editing 

process before transferring the egg back to the uterus, would cost somewhere close to 

$40,000.   

  An important aspect of all medical treatments is the amount insurance is willing 

to cover.  There are a few states that have IVF-friendly mandates for insurance 

companies, such as Maryland.  In Maryland, if the couple has demonstrated a 2-year 

medical history of infertility as well as one of their listed infertility-associated diseases, 
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“an insurer may limit coverage to three in vitro fertilization attempts per live birth, not to 

exceed a maximum lifetime benefit of $100,000.”70 Though, it should be noted that if 

employers have religious beliefs that conflict with the practice of IVF, they may exclude 

IVF in coverage.  However, 33 out of 50 states are not IVF-friendly as they do not 

mention IVF in any way when it comes to requirements for infertility coverage.70  

Why do insurance companies not cover IVF?  Recall the horse analogy.  These 

cycles do not have a very high success rate.  The main reason why people pay up for IVF 

is because IVF is really the only option if other cheaper remedies, such as surgery, weight 

loss, or diet change, do not work.  Insurance companies, conversely, do not have an 

incentive to cover IVF because of the small level of success in combination with the high 

price for just one cycle.  In an ideal world, the success rate for IVF would be much higher 

and more people would utilize the technology to the point where competition could 

drastically lower the price, which has already begun.  Some fertility clinics charge as 

little as $7,500 with the same recorded success rates as fertility clinics that charge over 

$12,000.74  If the success rate of IVF rises to the point where insurance companies would 

feel comfortable covering the procedure, then insurance companies could package 

together a deal that involves covering three cycles per live birth for the actual price of 

two, knowing very well that there is a good chance that just the first cycle alone would 

work, even if the price for a cycle remains high.  
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Applying these examples to CRISPR-Cas9 

 There are considerations when relating this information to the cost of CRISPR-

Cas9.  If we were to talk about the price of using genome editing for somatic cells, the 

answer would be simple: It would be just as expensive as any new type of drug.  In 2012, 

a Dutch company named uniQure developed a drug, Glybera, that would use gene 

transfer technology to treat patients with familial lipoprotein lipase deficiency.75,76  The 

cost of a single dose for this gene therapy?  1.4 million dollars.  The number of times it 

was used?  Once.77  Due to the drug’s shortcomings and the fact that the price was so 

high, insurance companies could not afford to cover the drug and uniQure had to 

withdraw Glybera from the market.24,25  This exemplifies another reason why the focus 

should be on editing the genes of embryos rather than somatic cells.  Editing one gene in 

an embryo versus hundreds of thousands of that same gene in somatic cells in a particular 

part of the body would prove to be both easier and much less expensive.  The case of 

Brian Madeux’s Hunter’s syndrome echoes this concern.  Why wait to treat disease and 

disorder that spread throughout the body instead of correcting the disease and disorder in 

the embryo?           
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  If CRISPR-Cas9 passes through embryonic trials and becomes available as an 

accepted form of treating genetic diseases, the price of the service will be high due to its 

novelty.  Once its success is proven, the pricing could follow the hypothesis on the 

pricing of IVF, and not only decrease, but also become covered by insurance.  

Hypothetically, perhaps insurance could offer coverage somewhere along the line of 

editing up to three diseases per embryo understanding that an embryo may only have just 

one medical issue.  Until CRISPR-Cas9 shows repeated success to the point where more 

individuals are willing to invest money in the genes of their children to eliminate genetic 

diseases, which could drive down the cost and encourage insurance companies to cover 

genome editing, this technology will only be available to the wealthy.   

Think about it.  Imagine if CRISPR-Cas9 becomes available for embryonic use 

before the price of IVF has the chance to decrease.  The IVF involves extracting and 

fertilizing an egg while PGD and PGS only diagnose and screen genetic abnormalities 

and check the work of the researcher…all for $40,000.  The average after-tax income for 

a working American is $36,564.78   When it comes to editing an actual gene, the price to 

create a gRNA sequence with Cas9 that correlates to the gene you wish to eliminate and 

creating the correct genetic sequence to edit the genome will cost a great deal of money.  

The Odin, which is run by Josiah Zayner, charges $159 for their CRISPR Kit that one can 

use to edit bacteria.  On the other hand, GeneCopoeia sells various CRISPR-Cas9 stable 
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cell lines, ranging from breast cancer to bone cancer, for $1,395 for academic purposes 

and $3,995 for industrial purposes.79   

 The pricing of CRISPR-Cas9 becomes even more difficult to predict when 

enhancement is involved in the conversation.  In the history of mankind, never have we 

been able to control the genes of our children other than through the selection of our 

reproductive partner.  Even though it may not be the first application of genome editing 

technology, such as CRISPR-Cas9, editing for the sake of enhancement will arrive sooner 

than we think.  For that reason, it must be discussed.  A college athlete may pay a few 

thousand dollars a month for HGH injections to have an illicit advantage over his or her 

competition.80  Women who wish to augment the size of their breasts for cosmetic 

purposes pay an average of $3,719.81  A person who wishes to have different colored 

eyes may pay $80 for a 6-pack of monthly disposable contact lenses.82  Editing an 

embryo’s genome may prove to be cheaper than having to pay $80 a month in the long 

run to have brown eyes.  However, the genes of some physical traits are extremely 

complicated and could drastically increase the price.  Financially supporting research that 

both identifies desired genes that could be enhanced and tests these procedures in clinical 
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trials would prove to be quite costly.  Consider this: Scientists believe that height might 

be associated with over 93,000 genetic variations, and a recent study only uncovered 697 

of those variations.83,84  We hardly know our own genome well enough to even know 

what gene(s) we need to edit and what should replace that gene.  Similarly, male pattern 

baldness is associated with multiple genes.85  How do we know which genes to edit?  The 

same can be asked about which variations in height genes can lead to my son or daughter 

being six feet?  To add to the headache of price, if there are multiple genes that are 

associated with one trait, then that means that more CRISPR-Cas9 technology is going to 

need to be used to achieve the goal of different hair color or increased/decreased height.  

When you combine this with the fact that genome editing companies can charge whatever 

they please because it is all for the sake of enhancement, the prognosis of the price to edit 

the genome for the sake of enhancement sounds expensive.  Finally, insurance companies 

do not cover elective procedures, like plastic surgery.  While one could argue that treating 

diseases and disorders falls under the medical necessity category, it would be hard to 

argue that editing the eye or hair color of an individual should be considered a medical 

necessity.  
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Final Word 

It has been established that the price of utilizing CRISPR-Cas9 for either 

treatment or enhancement is going to be very expensive and, if it becomes available, only 

wealthier couples or individuals will initially be able to afford the service.  The last piece 

that I would like to establish is that treatment will become available to the public before 

enhancement and somatic cell treatment will be available much sooner than embryonic 

treatment.  Currently, most clinical trials that involve CRISPR-Cas9 involve using the 

technology in somatic cells of patients as a form of therapy.  One such trial to treat cancer 

is ready to start at the University of Pennsylvania, where study leader Edward Stadtmauer 

cited that “cell therapies [for cancer] are so promising but the majority of people who get 

these therapies have a disease that relapses.”86  Using genome editing could support the 

body’s immune system in its fight against cancer.  Though the threat of off-target 

mutations has made researchers wary of trying these therapies in humans, I agree with 

Stanford Bioethicist Mildred Cho that sometimes, especially when there are no other 

options for seriously ill patients, you “have to take a leap of faith.”86 CRISPR 

Therapeutics will also begin clinical trials at some point in 2018 to treat both beta 

thalassemia and sickle-cell disease.87  In China, there is currently a CRISPR-Cas9 trial 
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that uses a gel infused with proper TALEN and CRISPR-Cas9 machinery that is applied 

to the cervix to eliminate HPV.88,89  The overall purpose of the study is to determine the 

safety of the therapeutic doses of these genome editing technologies.    

CRISPR-Cas9 trials for somatic cells are happening fast, and if proven to be 

successful, embryos may not be too far behind.  Researchers from the United Kingdom 

recently released a study showing that the CRISPR-Cas9 used on mouse embryos did not 

exhibit any off-target activity.90  As previously mentioned in Chapter 1, Oregon 

University’s Shoukhrat Mitalipov used CRISPR-Cas9 to genetically modify the 

MYBPC3 gene for the first time in the United States in 2017 in Oregon’s Health & 

Science University's Center for Embryonic Cell and Gene Therapy.91 The significance of 

this study cannot be emphasized enough, as embryo research is strictly regulated in the 

United States.92  In some states, like Arizona and Florida, embryo research of any kind is 
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not permitted.  In other states, like Massachusetts, embryo research is permitted if the 

embryos “have not experienced 14 days of development.” 

 Using CRISPR-Cas9 in any capacity will be expensive.  Although we will not 

see the application of genome editing technology being used for embryos in the next year 

or so, the arrival of this technology is fast approaching.  I hope that this chapter has 

provided enough data to understand these concepts.  It is now time to use what has been 

discussed up until this point to address a few of the ethical questions associated with 

using genome editing for treatment and enhancement.  
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CHAPTER 3: EMBRYONIC TREATMENT OF DISEASE AND DISABILITY 

 

A disease of poverty 

 One application of embryonic genome editing using CRISPR-Cas9 is the 

treatment of genetic diseases and disorders.  Unfortunately, there are diseases and 

disorders that are uncorrectable using CRISPR-Cas9 genome editing.  One such disease 

is Fragile X syndrome.  For Medicare, the annual costs can be anywhere between $2,222-

2955; the annual costs for Medicaid can range anywhere between $4,548-$9702.93  While 

it would be difficult to alleviate these medical costs using CRISPR-Cas9, genome editing 

could possibly be used to treat Cystic Fibrosis (CF), which affects about 30,000 

Americans.94  The average annual cost to care for CF is approximately $15,571, meaning 

that the estimated annual health care cost adds up to $467,130,000.95  While this number 

may seem staggering for a disease that affects only 30,000 Americans, it merely makes 

up 0.01% of total health care spending (the annual U.S. health care costs now sits at $3.3 

trillion).96  Diseases that require higher annual healthcare spending, such as the $10.5 
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billion price tag to treat type 1 diabetes, only account for less than 1 percent of annual 

healthcare spending. 97 Despite being minor costs to annual healthcare, their minute 

contributions to the overall spending add up.   

A world where genetic diseases and disorders are essentially obsolete would 

allow health care to focus their efforts on other types of treatments.  If embryonic genome 

editing is approved for treatment, it could save not only millions of lives, but also billions 

of dollars.  However, as mentioned in Chapter 2, the service could also be expensive for a 

long period of time.  This raises an important question: In a world where humans begin to 

edit genetic disorder and disability out of the embryonic genome, will genetic disorder 

and disability become a “disease of poverty” due to the initial financial restrictions of 

affording such treatment? 

 Many diseases and disorders exhibit physical manifestations.  Not being able to 

afford procedures that would correct an embryo and eliminate diseases and disorders 

could show that the child comes from a family that cannot afford to pay for the treatment.  

As it currently stands, many couples cannot afford IVF, PGD, and PGS services.  

Because there are many couples who cannot afford this service, people do not assume 

that because the child has a disease or disorder, the child must come from a lower income 

family.  However, having genetic disease and disorder could signify socioeconomic 
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status if IVF, PGD, and PGS treatments continue to decrease in price to the point where 

only those below the poverty line cannot afford the procedures.  As a result, genetic 

disorder and disability may not only represent socioeconomic status, but children who 

suffer from disease or disorder could be stigmatized. If the procedures for IVF, PGD, and 

PGS become cheaper, then more couples may opt for this treatment.  If PGD and PGS 

catch embryos that have disease or disorder, couples will likely select other embryos that 

do not have disease or disorder.  If less people have diseases or disorders, then those who 

have disease or disorder could become stigmatized.  Due to the high price associated with 

genome editing, correcting embryonic genomes may only exacerbate this gap between 

those who can afford the service and those who cannot.  Allowing the correlation 

between physical characteristics and socioeconomic status is a dangerous game.  The 

United States, unfortunately, has been plagued with the association between physical 

characteristics, socioeconomic status, and stigma.   

In an age where editing diseases and disorders from an embryo is possible, one 

cannot help but think that an additional stigma would be added not only to the disabled, 

but also to the family.  Having a disabled member in the family could end up being an 

indicator of socioeconomic status for the family as a whole.  Normally, visible indicators 

of living in poverty could include the type of car a person drives, or the size and location 

of their home.  I wish I could claim that “never before has a physical trait of a human 

been associated with socioeconomic status,” but this clearly is not the case.  To provide 

one example, until the Voting Rights Act of 1965 was passed, southern states required 

voters to take literacy tests, which ultimately prevented many African Americans from 
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voting.98  Their inability to pass these biased examinations reflected their lack of 

education and socioeconomic status.  As a matter of fact, in 1966, only two years after 

President Lyndon B. Johnson gave his State of the Union address on the topic of poverty, 

it was reported that 40% of African Americans lived in poverty and 31.3% of poor 

American citizens were African American.99  Currently, 22% of African Americans live 

in poverty while 23% of the United States’ impoverished population is African 

American. 100  Through just suggesting that genome editing technology be used to 

eliminate unfavorable characteristics from the population, one cannot help but think that 

perhaps, without even knowing it, we could be returning to the dark path of 

discrimination that our country has fought so hard to leave behind.  Is there any way to 

avoid this unfortunate situation? 

 

A question of distributive justice  

 Principles of distributive justice provide various frameworks answering how a 

scarce or expensive healthcare resource should be distributed and who should receive that 

resource.  Many of these principles apply to embryonic genome editing to answer some 

of the following questions: If most cannot afford this care, should we even allow this type 
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of embryonic treatment?  Should a regulating body place the release of this technology on 

hold until treatment decreases to a more affordable price? The two approaches that I 

present are egalitarianism and libertarianism.   

Egalitarianism argues that people are morally equal, and thus the distribution of 

material goods and services should also be equal.101  By this model, a solution for the 

distribution of embryonic genome editing entails waiting until the government is able to 

put enough money into a program to ensure that everyone has a chance to utilize this 

genome editing technology.  However, the government’s involvement in such an 

initiative could have alarming implications (something that I discuss below).  Another 

potential solution would be to wait until researchers find a way to lower the cost of 

genome editing to the point that insurance companies can afford to cover this service.  An 

issue with this resolution is that not everyone is covered by insurance.  According to the 

Centers for Disease Control and Prevention, 28.9 million people (about 8.8% of the 

population) remain uninsured in the United States.102  

One criticism of egalitarianism is that some individuals value certain goods in 

different ways.  While some may not be able to afford healthcare, some opt not to pay for 

healthcare for a variety of reasons, ranging from religious beliefs to believing that they 

are perhaps “young invincibles” who will not be affected by sickness.  Another reason for 
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not wanting to pay for insurance is that the cost of a desired service has decreased to the 

point where an individual could afford to pay for that service out of pocket. 103 People 

who choose not to have insurance could be unfairly missing out on this 

technology…though one could argue that individuals who are financially capable of 

paying for insurance accept that consuming this service would involve a high price due to 

lacking insurance coverage.  In addition, some people cannot afford insurance, which 

could contribute more to the “disease of poverty” stereotype.  Perhaps the biggest flaw of 

egalitarianism is its assumption that the world is a utopia in that its system of everyone 

receiving the same amount of a certain good is nearly impossible and unrealistic.  Not 

everyone can afford insurance.     

A libertarian believes in a free market approach where all people are responsible 

for their own decisions and property.  In many ways, libertarianism can actually be 

viewed as critical of distributive justice.104  Robert Nozick, a staunch defender of 

libertarianism, believes that because we own ourselves (decisions and property), we own 

our talents.10  From this notion, talents could create an accumulation of wealth, which 

could enable an individual to afford certain products and services that another person 

may not be able to afford.  In relation to genome editing, if a person has the capital to 

afford the procedure, then he or she should have access to it without having to take into 

account whether or not another person can afford that same service.  An individual’s 
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talents may also produce a service, such as genome editing technology, that the 

individual has the right to sell.  Again, from a libertarian perspective, the government 

should not interfere with an individual or company that is selling a product.  If a willing 

seller of a product has willing buyers, then there is no need for other interference.   

An issue with strictly following this approach is the creation of a monopoly.  

Monopolies can be dangerous because if a business is the only business selling a specific 

product, then that business can control the price for that product.  If a company creates a 

monopoly over the sale of a product or service that is not a necessity, such as the viral 

Fidget Spinner, then this is not a problem.  The maker of Fidget Spinner should be free to 

price his product at whatever price he or she pleases.  Where monopolies become a 

danger is if a service or good involves a necessity, such as health care.  As previously 

discussed, the cost of embryonic genome editing will be high.  One could argue that high 

pricing for this service is defensible if the cause is to recoup the funds that were put into 

the project for research as long as the price for this service will decrease once these 

research funds are recouped.  However, imagine the danger if one company is able to 

control the price of genome editing.  A libertarian response to this issue of monopoly 

would be to not permit patent protection laws.  This would allow other genome editing 

companies to undercut other genome editing companies and provide the same service at a 

cheaper price.  Otherwise, another consequence of allowing a monopoly to set the price 

for genome editing is that some individuals will travel to other countries where the 

service is both much cheaper and potentially dangerous.          

The egalitarian and libertarian frameworks have their strengths and weaknesses.  

This groundbreaking technology has the potential to save thousands of dollars in annual 
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healthcare costs as well as eliminate the potential burden of having to live with these 

conditions (that is, of course, if you view genetic disease or disability as a burden).  In an 

ideal world, granting everyone equal access to genome editing technology would be fair.  

If everyone has access to the technology, then perhaps genetic disease would not 

necessarily be a “disease of poverty;” the burden of deciding to edit the genes of an 

embryo would not depend on the amount of money in one’s pocket, but would rather be 

the choice of the parents.  However, it is unlikely that this technology will be available to 

the population for an affordable price.  While I hold a firm belief that this embryonic 

genome editing, once firing on all cylinders, has the potential to change our world, it is 

unrealistic to expect everyone to immediately be able to afford this technology.  Even if 

creating the correct RNA sequences that correlates with the correct gene is inexpensive, 

companies that conduct genome editing research would have to recoup the funds that 

were put into research.  This could be up to hundreds of millions of dollars.  When this 

technology becomes available, however, it will not be only those who fall under the 

poverty line who will not be able to afford this treatment.  Due to the initial high price of 

embryonic genome editing, the cost may only be available to those in the upper class.  

Conceivably, genetic disease and disorder may not necessarily be a “disease of poverty,” 

but rather a “disease of the non-elite.”  While the financial elite’s exclusive access to this 

technology may be the unfortunate truth, it should only last until the genome editing 

process decreases in price. 

In order to combat this problem of distributive justice, I support the egalitarian 

approach, which calls for equal access to embryonic genome editing.  In order to require 

equal access, the government would have to call for insurance companies to cover 
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embryonic genome editing.  Equal access to embryonic genome editing will ensure that 

everyone has the option to correct an embryo and utilize one of the greatest achievements 

in human history.  However, as mentioned in Chapter 1, there are a few reasons to select 

a different embryo rather than correct an embryo that potentially has diseases or 

disorders.  As a result, the government would probably instruct insurance companies to 

cover embryonic genome editing only if the request for correction meets certain criteria, 

such as a situation where rare disease affects all of the embryos.     

Even though I support the egalitarian approach, I do not necessarily believe that 

equal access will be granted for embryonic genome editing.  In many ways, its timeline 

will parallel that of IVF.  The first baby, whose embryo will be corrected for a disease 

like Cystic Fibrosis, will be born.  The technology will become available to the public, 

but also following the path of IVF, it will be expensive.  Eventually, following the 

libertarian school of thought, competition from various embryonic genome editing clinics 

will chip away at the expensive price of embryonic genome editing, but the decrease 

overall price will level out.  At this point, it would be up to individual states to mandate 

whether or not insurance companies should include embryonic genome editing for 

correction in their coverage.  On top of this, it is important to remember that IVF, PGD, 

and PGS are necessary steps that lead to embryonic genome editing.  Of the 50 states, 

only 17 states have laws that relate to infertility treatments and many of these 17 states do 

not require IVF to be covered to treat infertility.105  Expect even fewer states to include 

coverage for some type of embryonic genome editing in their state insurance laws.   
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A eugenic practice? 

I have proposed that discrimination based on appearance is a possible 

consequence of genome editing.  Perhaps rather than returning to a dark path, one which 

is all too familiar to the United States, we could be approaching a destructive black hole.  

This leads to the next question: Would striving to eliminate Down Syndrome and other 

genetic diseases and disorders from the population using genome editing be considered a 

form of eugenics?  The word eugenics has a negative history given its association with 

various acts of ethnic cleansing and genocide such as Turkey’s conquest to exterminate 

the Armenians and Hitler’s Final Solution, which aimed to eradicate various groups of 

people including the Jews, Jehovah’s Witnesses, and the disabled.106  However, what 

does eugenics actually mean?  As defined by Kenneth Garver, eugenics comes from the 

Greek word eugenes, which translates as (eu) “well” (genes) “born.”9  The purpose of 

eugenics is to create healthier offspring and serve as quality control for the human 

race.107  Garver lists four important definitions related to eugenics that I believe play a 

role in classifying the elimination of genetic diseases and disorders from the genome as a 

type of eugenic practice: 
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A eugenic program is a public policy structure designed to have its effect on 

gene frequencies in whole populations.  Negative eugenics is a systematic effort, 

whether decisional or programmatic, to minimize the transmission of genes that 

are considered deleterious.  Positive eugenics is a systematic effort, whether 

decisional or programmatic, to maximize the transmission of genes that are 

considered desirable.  Another term that is relative is genocide, which is the 

deliberate extermination of an entire human ethnic, political, or cultural group.108 

 

While there are not any known examples of editing an embryo to eliminate a 

disorder, Iceland started prenatal screening and genetic counseling initiatives in the early 

2000s to raise awareness of various genetic diseases like Down Syndrome. If it is found 

that the fetus has one of the many types of listed deformities, Icelandic law permits the 

fetus to be aborted after 16 weeks.109  Since the start of this initiative, 80-85% of women 

have opted to take a prenatal screening test and close to 100% of women whose tests 

came back positive for Down Syndrome have opted to terminate the pregnancy.  Citizens 

of other countries seem to be on board with terminating pregnancies with Down 

Syndrome.  Denmark and the United Kingdom have 98% and 90% termination rates, 

respectively, while France’s termination rate stands at 77%.  The U.S. is on the lower 

side, with a 67% termination rate.6 In Iceland, the only time a child with Down Syndrome 
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is born is if the prenatal test comes back as a false negative or if the family chooses not to 

have prenatal screening.  Most families with a child with Down Syndrome probably were 

“victims” of a false negative test result.  In a fascinating interview conducted by CBSN, a 

woman who was told that her pregnancy was low-risk ended up giving birth to a child 

with Down Syndrome (the tests are only 85% accurate).  Only three other children Down 

Syndrome were born to women in her age group.  Based on the interview, it does not 

seem that the family feels any type of social stigma that they had a child with Down 

Syndrome because they did not opt for the prenatal screening.  Despite this interview, 

concluding that this is the case universally would be foolish, for it is impossible to tell 

how the family genuinely feels and it would be wrong to generalize this feeling to all 

families who have a child with Down Syndrome.  The interview did include, however, a 

conversation with a 30-year-old woman who has Down Syndrome and stated that she 

wishes that people would see her for who she is, and not just see her disorder.  

Conversations with people who have Down Syndrome have echoed similar desires, 

which really makes a person consider if we should be eliminating genetic diseases and 

disorders like this from the population.   

One could argue that these initiatives could be filed as a eugenic program with a 

sub-label of negative eugenics.  The government created a program that has encouraged 

removing a specific, deleterious trait from the gene pool.  But is it fair to call this 

initiative a eugenic program?  It is a tough question to answer.  The public policy that 

was implemented does not require women to undergo prenatal screenings.  The only 

mandatory section of the initiative is that hospital staff are required to present prenatal 

testing to expecting mothers as an available service.11 What makes the program 
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questionable is reports that some of the mothers feel pressured both to have the screening 

performed and to abort the fetus if there is any likelihood of a disorder, like Down 

Syndrome.  Conversely, nurses believe they do the best they can to be neutral when 

telling mothers that prenatal screening is available.  At the end of the day, no one knows 

what is said between an expecting mother and a nurse.  Is it a eugenic program?  Perhaps 

the use of the word program implies a formal initiative, which I believe is unfair based on 

the facts.     

If insurance companies are required to include embryonic genome editing in their 

coverage, then equating embryonic genome editing to a form of eugenics may not 

necessarily be too far off.  As previously defined, a eugenic program is considered a 

“public policy.”  Requiring insurance companies to cover a service is an example of a 

public policy.  However, by requiring insurance companies to cover genome editing, are 

these policies actually aimed toward reducing certain genetic frequencies in the 

population (another important aspect of the eugenics definition), or providing the 

opportunity for equal access to this potentially expensive technology?  I would err on the 

side of equal access.  The policy’s intention is to ensure that an individual has the option 

to utilize genome editing.  Nowhere in the policy (at least, I would hope) would state that 

its purpose is to decrease the frequency of genetic disease and disorder in the population.  

One could argue, however, that social pressures could drive this equal access public 

policy to create an unintended effect that parents might begin to conceive children in 

vitro instead of the “natural way” to verify that their children will not suffer from disease 

or disability.  This consequence of pressure could be regarded as a negative eugenic 

program.  Despite the potential for this result, I would argue that the negative 
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repercussions of not requiring insurance companies to cover treatment of embryonic 

genome editing outweighs the previously outlined consequences of requiring coverage.  

Allowing companies to set the price of embryonic treatment is dangerous and could 

create the “disease of poverty.”  I am more inclined to allow equal access to indirectly 

create social pressure to edit than to directly create a population where genetic disease 

and disorder, or lack thereof, indicates an individual’s socioeconomic status.          

 

A view from the disabled 

Embryonic genome editing has an interesting connection to abortion. Individuals 

oppose abortion for many reasons.  Some people believe a fetus holds the same status as 

a person – if killing a person is wrong, then killing a fetus is also wrong.12 Aborting a 

fetus is ending a life that could be worth living (depending on whom you ask).  A large 

criticism of Iceland’s Down Syndrome initiative is that “Iceland is not eliminating Down 

Syndrome – they are killing everyone who has it.”110 Some may not fully support the 

position that a fetus is a person, but believe that a fetus is a potential life and it is wrong 

to end potential life.12 Another common school of thought is that it is wrong to inflict 

pain on a person.  Fetuses can feel pain at 18 weeks, and there are states that allow 

abortion after 18 weeks.111  No matter where a person stands on the abortion debate, it is 
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a touchy subject.  Would people feel differently about editing an embryo that had genetic 

diseases and disorders instead of aborting a fetus?     

Some individuals feel just as strongly about discarding embryos as about abortion.  

As a matter of fact, 12 countries, including the United States, United Kingdom, and 

Iceland, all have policies that state that research on in vitro embryos must be kept within 

14 days of development in order to quell concerns that research is being carried out on 

actual beings.112  Because 14 days is the last point where twinning can develop, it has 

been argued that 14 days marks the point of individuation.113  For those who believe life 

begins at conception, discarding embryos would equate to unnecessarily ending a human 

life; thus, these individuals would probably  take issue with services such as PGD and 

PGS.  On the opposite end of the spectrum, Russell Blackford argues in his article that 

embryos “do not have interests” and should not “have a right to life.”114  Could editing an 

embryo to eliminate genetic disease instead of discarding the embryo circumvent 

concerns because instead of “throwing away” a life, you are perhaps just “fixing” one?  

This is the debate known as correction versus selection.  Is there a difference between 

picking the “best” embryo from a group and editing an embryo to be the “best?”  Harriet 
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McBryde Johnson and the Not Dead Yet group might argue that this distinction does not 

even matter. 

Harriet McBryde Johnson was born in July of 1957 with a neuromuscular disease 

and was confined to a wheelchair for most of her life.  Despite what many would regard 

as severe ailment, Johnson received her law degree from the University of South Carolina 

and became a well-known disabled lives activist.115  Most notably, she debated Peter 

Singer, a Princeton professor who believes strongly that infants are neither rational nor 

self-conscious beings and that parents should have the option to end the life of their 

newborn-child born with a severe disability, like Johnson’s.  In defending the lives of the 

disabled, Johnson’s main argument to Singer is that “the presence or absence of disability 

doesn’t predict quality of life.”116  Johnson felt very strongly that her disease was what 

made her unique.  She wrote in her New York Times article, Unspeakable Conversations, 

that she threw away the back brace that doctors urged her to use and allowed her 

“backbone [to find] its own natural shape.”117  Even though having an “s”-shaped spine 

appears unnatural, she was very content with this “natural” look.118 
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Johnson, who believed a “diseased” or “disabled” life is still a life worth living, 

asked “who should have the burden of proof as to the quality of disabled lives?”119 She 

did not believe that being born with a severe disease or disorder should be viewed as 

tragic.  While it is difficult to find concrete data that explicitly show that a certain 

percentage of those born with a severe genetic disease or disability would not want their 

lives to be altered in any way, one has to understand that only a severely diseased or 

disabled person knows what it means to live that life.  Do not get me wrong, even 

Johnson admits that she understands the time commitment those around her must make to 

make her life as special as it is.  Unfortunately, Johnson passed away in June 2008, so she 

never really had a chance to voice her opinion on the embryonic genome editing debate.  

Though no one can speak for the dead, she would probably have believed, as she repeated 

many times throughout her life, that her disability is what made her special.  To McBride, 

the disabled community has a special place in this world and the human race should not 

strive to be perfect.  The disabled provide a unique outlook on the world that no one else 

but members of that community can experience and appreciate.   

 

Do parents have an obligation to edit if the opportunity presents itself? 

In 2016, Sheila Black wrote a New York Times article titled “Passing My 

Disability On to My Children,” where Black describes the experience of sharing a genetic 

condition called X-linked hypophosphatemia (XLH) with two of her three children.120  
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Some of the negative effects of this disease, which results in dwarfism, include muscle 

aches and “quick fatigue walking any distance.”  One interesting point that Black raises is 

understanding that with improved prenatal screening technology, XLH may not 

necessarily exist in a few generations.  However, she expresses her dismay for this 

inevitable scenario and echoes sentiments similar to those of Harriet McBryde Johnson 

writing: “We are ourselves, individuals; we are what we are — short and proud of it. We 

are people with a disability.”25,121 

One of the beautiful parts of life is the ability to recognize and celebrate nature’s 

diversity.  Disabled individuals are included in this recognition, as they have not only a 

unique view of the world, but also have had a profound impact on the human race.  For 

example, the late Stephen Hawking is largely responsible for many advances in black 

hole research.122 While there is no evidence that connects his disability to his ability to 

hypothesize such brilliant theories, it exhibits how  disabled and diseased individuals are 

just as important to society as someone who is “healthy.” However, this is not a Peter 

Singer debate about whether or not we should terminate pregnancies of high risk children 

or end the lives of individuals who suffer from genetic disease and disorder right after 

birth.   

This is a question whether or not editing genetic disease and disorder should be 

performed as proactive measures.  Imagine if Shelia Black had the option of editing the 
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genes of her children.  While disability provides a unique view of the world, the daily 

burden and inconvenience of someone who suffers from a genetic disorder or disease 

must not be forgotten.  At the conclusion of Black’s article, she writes of how her son, 

Walker, feels lucky to be alive.  However, he describes that he is sometimes bitter over 

his height.  This is understandable.  For his mother and his sister, being around five feet 

tall falls on the shorter side for women, while being five feet tall falls on the extreme side 

of the spectrum for men.   

Something tells me that Walker would not have minded embryonic treatment for 

his XLH disease.  What makes generalizing this assumption to most people with a 

disability incorrect is individuals like Harriet McBryde Johnson, who feel so strongly that 

their disorder is a part of their identity.  An interesting view of this dilemma is to 

remember that hindsight is 20/20.  Walker Black may have accepted genetic correction of 

his ailment while Harriet McBryde would have preferred to be left alone.  Because of the 

inconsistency of not knowing what the future child would want (after all, it is an 

embryo), Feinberg’s “right to an open future” should be used when deciding whether or 

not a parent has an obligation to edit a disease or disorder out of the embryo.  Before my 

explanation, I would like to point out that this obligation applies only if parents decide to 

use IVF and opt to use PGD and PGS to determine if genetic abnormalities exist.  In 

addition, this obligation would exist if the parents choose an embryo from a group of 

embryos that has the genes for disease and disorder.  As a side note, I defend a couple’s 

decision to conceive in vivo.  Policing parents to conceive in vitro has dangerous 

consequences and is also impractical.      
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In 1980, Feinberg published “The Child’s Right to an Open Future,” which 

discussed protecting the autonomy rights of children because children are unable to make 

important decisions while still very young.123  There are three types of rights that 

Feinberg presented.  The first set of rights, which apply to both children and adults, is 

“A-C Rights.”  Both children and adults share similar rights, such as the right to not be 

physically assaulted.  The second set of rights is “A-Rights.”  These rights exclusively 

protect autonomous adults and preserve the freedom of choice, whether regarding 

sexuality or religion.  The third and final set of rights is “C-Rights,” which apply mainly 

to children (also non-autonomous adults).  These are considered “rights-in-trust,” which 

are “rights that are to be saved for the child until he is an adult, but which can be violated 

“in advance.”124 Feinberg exemplifies this set of rights by drawing up a scenario where 

“an infant of two months, still incapable of self-locomotion” is “walking down the side 

walk. One would violate that right in trust now, before it can even be exercised, by 

cutting off the child’s legs.”125 

In this example, cutting off the child’s legs violates the child’s future decision 

about whether or not he or she wants to have mobility.  Most individuals enjoy the 

freedom of walking, but if an adult really feels strongly about not wanting to walk, then 

he or she could find a way to avoid using their legs (such as using a wheelchair).  At least 

the adult can make an autonomous decision instead of having someone make that 
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decision for the child.  Through this principle, Feinberg desires to protect the health and 

well-being of the non-autonomous decision-maker by preventing maleficent acts.  The 

reason why this example is relevant is because opting to not edit genetic disease or 

disorder (despite having the opportunity and financial means) could be regarded as an act 

of maleficence.  Choosing not to take advantage of this technology assumes that the child 

will come to accept the burdens of their condition.  The right to an open future concept 

protects the health of an individual, in this case, the embryo, who cannot make an 

autonomous decision.  

Where the debate of “to correct or not to correct” becomes interesting is if parents 

ask to induce a certain genetic disease or disorder in their child.  Much to the dismay of 

parents who would like this procedure, this is called intentional diminishment.  This is 

also known as a “wrongful handicap.”126  Intentional diminishment can be defined as the 

purposeful action of decreasing the quality of life for an individual.  Consider the 

following example case.  Two deaf parents want to have a child who also is deaf.  Why?  

They want to feel that they can communicate with their child and they want their child to 

feel connected with his or her parents and to the deaf community.  Asking a healthcare 

provider to commit to this type of genome editing should be illegal based on beneficence 

and non-maleficence.  A healthcare provider as an obligation to “do good.”  While 

editing the child to become deaf may seem like “doing good” in the eyes of the parents, 

the child’s right to an open future requires the “C-rights” protection of the non-
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autonomous child.  Violating these rights would be the most obvious violation of the non-

maleficence principle, as a healthcare provider would be harming a potential individual 

who cannot express his or her opinion.  I understand that there are times in medicine 

where a surrogate decision maker has to make substituted judgements on behalf of an 

individual who lacks decision-making capacity.  The parents, in this case, cannot use 

their decision making authority to make drastic decisions about intentional diminishment 

on behalf of their child because it would go against the healthcare provider’s principles of 

beneficence and non-maleficence and it assumes that the child wants to live a life of 

disability.  Even though an embryo does not feel harm, placing a potential person in a 

position of unnecessary and unwarranted disadvantage and suffering is wrong.  In 

addition, in “Genetic Dilemmas and the Child’s Right to an Open Future,” Dena S. Davis 

acknowledges that some individuals who have a disability wish to be recognized as a 

culture rather than as merely having a disability (a position that Harriet McBryde Johnson 

also holds).127  Many individuals who are deaf also wish to be recognized as a 

community.  Davis states: “if Deafness is a culture rather than a disability, it is an 

exceedingly narrow one.”128  By assigning a culture to an individual before he or she is 

born, the parents would be violating the child’s “rights-in-trust,” which are rights “to be 

saved for the child until he is an adult.”129    
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Many people have criticized Feinberg’s “Child’s Right to an Open Future.”  In 

“The Child’s Right to an Open Future?,” Claudia Mills argues that it is “both impossible 

and undesirable to try to provide children with an “open” future in any meaningful 

sense.”130,131 Mills’ largest argument against Feinberg’s concept is that in the decisions 

we make on a daily basis, we close options and we cannot help that these potential 

futures close.  Every day, we sacrifice one thing to do another and sometimes that 

sacrifice inevitably affects someone who is not yourself, like an unborn child.  Mills 

simply argues that   because the future inevitably closes every day, it is almost impossible 

to have an open future.  Therefore, can someone’s open future be truly taken away if that 

open future did not even exist in the first place?  Mills’ criticism of Feinberg’s “Open 

Future” relates to people who fear that enhancement automatically selects a future for the 

unborn child.  For example, parents may genetically enhance an embryo in hopes of 

making the child more athletic.  Some people would argue that enhancing the genome of 

the embryo to potentially have an athletic body signifies that the parents will push for 

their child to be an athlete.  However, unless the parents helicopter around the child in his 

or her youth and only allow the child to pursue athletics, one could argue that giving a 

child an athletic build could open more futures than it closes.  Enhancing embryos could 

provide children a new variety of futures that were not necessarily possible with their 

non-enhanced genome.    
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CHAPTER 4: EMBRYONIC ENHANCEMENT 

 

Embryonic Treatment for Enhancement 

Before closing out this thesis, it is important to review a few ethical issues 

associated with the other side of genome editing: enhancement. The term enhancement 

often elicits thoughts of being able to edit an embryonic genome to change body type, eye 

and hair color, or even IQ.  Before exploring a few ethical questions and considerations 

surrounding enhancement, it is important to point out that science is fairly far away from 

enabling the human race to freely choose our future children’s traits.  While I cannot 

provide a definitive timeline of when to expect this technology to be publicly available, 

there are a number of factors that contribute to this delay.  As previously mentioned, 

there are thousands of genetic variants that determine physical characteristics, such as 

height.132,133 Taking the time to determine which exact combination results in a specific 

height could take years of testing.  In addition, there are traits that are not visible to the 

eye, such as the coveted “standardized testing gene.”  The issue with this terminology, 

however, is that there are many genes that contribute to performance on standardized 

examinations, such as ability to comprehend material under pressure as well as the 
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reaction time to answering a question.  All of these genetic traits would have to be 

extensively researched before anyone could publicly advertise an intervention that could 

guarantee that your child will have a high chance of out-performing test-takers who do 

not have the correct series of genes on the SAT.  As a matter of fact, based on the 

complexity of our genes, I would venture to hypothesize that research will struggle 

mightily to utilize CRISPR-Cas9 to edit the prototypical enhancement candidate genes.  

However, despite the futuristic vibe given off by enhancement, it is important to be 

proactive and discuss how embryonic enhancement technology ought to be used instead 

of allowing the excitement of the technology to suddenly creep up and push society down 

not a slippery slope, but rather the steepest of mountains.  

 

Should there be a list of forbidden enhancement genes? 

Joel Feinberg’s right to an open future concept describes preserving the health of 

a non-autonomous decision-maker, such as a young child.  While an argument could be 

made to protect the potential health of embryos, critics of his “Open Future” suggest that 

because an open future does not exist, a child cannot necessarily be stripped of an open 

future.  With these protections, I present a new question; are there genes that should have 

immunity from enhancement?  To begin, there should be limitations on many types of 

enhancement.  For example, engineering an embryo to become abnormally tall could 

have serious health implications.  While I support being able to edit the height of an 

individual, this support only comes with establishing a minimum and maximum height.  I 

admit, though, that policing and enforcing such a policy would be difficult to enforce.  

Beyond limiting the extent to which some genes are edited, should we establish a list of 
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forbidden genes?  Below is an example of one such gene that humanity should steer clear 

of editing in any way.  

A debate that has been in the public eye for years is whether or not sexuality is 

formed from a single gene/various genetic factors or environmental factors.  Sexuality is 

defined as one’s “sexual orientation or preference.”134  Homosexuality had been widely 

regarded as a mental disorder until 1973, when Columbia psychiatrist Dr. Robert Spitzer 

successfully advocated for homosexuality to be taken out of the “Diagnostic and 

Statistical Manual of Mental Disorders.”135 While from this point, many held the opinion 

that sexuality is a choice, a few scientists began researching any potential links between 

genetics and sexuality.  In 1993, Dean Hamer controversially published “A linkage 

between DNA markers on the X chromosome and male sexual orientation,” expressing 

his belief in the connection between sexuality and genetics based on his findings.136  

Specifically, Hamer’s statistical analysis showed confidence that the Xq28 region on the 

X chromosome of a male is responsible for at least “at least one subtype of male sexual 

orientation.”  Hamer faced public backlash for such a claim, a recent study, one 

considered to be more robust due to the number of subjects, identifies the same Xq28 
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region on the X chromosome as well as a region on chromosome 8, both of which 

contribute to an individual’s sexuality.137  There have also been studies indicating that 

homosexual and heterosexual individuals have different brain structure.138 It is important 

to note that none of these studies support the concrete conclusion that sexuality is genetic; 

sexuality could very well be linked to environmental factors.  However, it is also 

important to acknowledge these scientific hypotheses that point more and more toward 

the likelihood that sexuality is heavily influenced by genetic factors.           

With great advances in genetic research, definitively confirming that genetics 

plays a significant role in shaping sexuality may be both imminent and inevitable.  Why 

should sexuality remain untouched by genome editing?  Height or hair color can play a 

role in the identity of an individual, but are ultimately inconsequential when it comes to 

that individual’s well-being.  Sexuality, on the other hand, plays a vital role in an 

individual’s life and should not be a component of an individual that someone else has 

the right to choose for them.  Love is love.  One reason is because the world will 

undoubtedly want to edit homosexuality out of the genome.  While this would not be a 

formal eugenic program, chances are that parents will decide to ensure that their child is 

heterosexual to fit the norms of society.  Is there anything wrong with a world where only 
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heterosexual individuals exist?  Not necessarily.  But if that means slowly gravitating 

toward eliminating homosexuality, then this is not okay.   

The main argument against editing genes linked to sexuality is due to the 

implications of what it would mean to be homosexual in this future world where genome 

editing is possible.  When it comes to genetic enhancement, there are two schools of 

thought.  On one hand, individuals could diversify, having odd color skin, eyes, and hair 

with a range of heights.  On the other hand, individuals could conform to a specific body 

type.  According to one study, men believe that their ideal BMI is around 25.9 while 

women believe that their ideal BMI is around 18.8.139  If given the chance to fit the mold 

of a specific look, parents will flock to that option of editing their embryo to possibly 

look like the ideal body type (of course, this ideal type changes over time based on a 

variety of influences).  Connecting this idea back to sexuality, I believe many parents, if 

given the chance, would not edit the genome for a diversity of sexuality.  I hypothesize 

that most parents would edit for heterosexuality.  One reason why this is a problem is 

because parents may opt to have children in vivo where they may not be able to edit their 

embryo’s genes.  If more and more parents opt to edit for heterosexuality, then 

homosexuality could already become more of a minority group than it is today.  The 

number of homosexual individuals could dip further below the 3.8% of individuals who 

identify as gay, lesbian, bisexual, or transgender.140 This could create even more bias 
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against individuals who identify as having a sexuality other than heterosexual.  A second 

reason why editing in favor of heterosexual individuals is a problem is because what it 

implies: if indeed the number of homosexual individuals decreases drastically in the 

population and suffers from discrimination, choosing not to edit an embryo that appears 

likely to become homosexual.  As a society, we should be working toward a world where 

“love is love” rather than looking to eliminate a community of individuals who are in no 

way diseased or disabled.  Finally, as if I have not hit on this point enough, enhancement 

will not be covered by insurance and could prove to be expensive.  Allowing whom a 

person chooses to love to become an indicator of socioeconomic class is as dangerous as 

allowing disease and disorder to provide a measure of class.  Sexuality should be left 

untouched because one’s sexuality should never lead to suffering. 

 

Nature versus Nurture 

 Andrew Niccol’s 1997 sci-fi thriller, Gattaca, is set in a world where embryo 

selection is used for both treatment and enhancement and evokes many questions from 

the audience.  One of the recurring issues in the film (SPOILER ALERT) is that the 

protagonist has constantly to find ways to continue his job as a potential navigator for 

Gattaca Aerospace Corporation’s upcoming launch to Jupitar’s moon, Titan.  The reason 

why he has to hide his true identity is because he is, by society’s standards, genetically 

inferior to the other employees of Gattaca and there is a certain genetic standard that one 

must live up to in order to work for this company.  To me, nothing is more important in 

the enhancement debate than ensuring that companies do not have the ability to use your 
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genes as your resume.  The movie uses the term “genilism” to describe this genetic 

discrimination. 

 To be a devil’s advocate, there could be instances where companies should have a 

right to utilize genome sequencing technologies to determine if an individual is fit for a 

certain occupation.  Jobs that are physically exhausting to the point of danger may have 

an argument advocating for utilizing genome sequencing to make sure that their 

employees do not have any heart defects that could prove to be lethal if working at this 

occupation.  This use of the technology could save thousands of lives.  Furthermore, 

leaving the professional world, athletic trainers at any level, whether it is elementary 

school or at the professional level, may wish to have this information to remind coaches 

to look out for certain student-athletes during the hot summers of preseason or a tough 

workout.      

 For the most part, the harms of allowing employers to use genetic data to 

determine if one is fit for a specific occupation outweigh the benefits.  Whether or not 

employers should be allowed to use genetic resumes ties in closely with the idea of nature 

versus nurture.  This debate is very simple.  On one extreme end of the spectrum, nature 

asserts that a biological approach, such as viewing genetics, is the cause for the way 

humans behave.  On one end of the spectrum, “nativists” believe that differences in 

individuals are due to variances in our genetic codes.  In other words, we are all different 

solely because we all have different DNA, which programs the majority of our actions.  

This is the side of nature.  At the opposite side of the spectrum, environmentalists believe 

that humans learn behavior from environmental conditioning.  This is the side of nurture.  

To clarify, these are extreme positions that “nativists” and “environmentalists” hold.  
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There are many individuals who identify as “nativists” who understand that the 

environment plays a role in behavior while there are also many individuals who identify 

as “environmentalists” who understand that genetics play a role in behavior.141 Most 

would argue that both nature and nurture influence who we are.  There are many 

characteristics that are definitively passed on via nature, such as curly hair or 

Huntington’s Disease, while other characteristics, such as leadership and confidence, 

might not necessarily be directly correlated to a set of genes.  I agree with this 

combination of nurture and nature’s contribution to the identity of an individual, but I 

would lean toward believing that nature, or our genetics, forms a baseline for the identity 

of an individual, and that nurture, or the environment, has a greater effect on controlling 

who an individual becomes.   

 Therefore, allowing companies to ask for a “genetic resume” to compare an 

individual with other potential employees is misleading.  An individual may have the 

genetic identity of a genius, but if the individual did not put in the work and effort to take 

advantage of his or her quality genes, then someone who has worked hard but who does 

not necessarily have the genes of a genius deserves the job.  There are other reasons that 

go beyond the debate of nature versus nurture, such as the exorbitant price of 

enhancement.  This could ruin the flow of vertical class movement if only the wealthy 

have access to this technology, because only the wealthy will be able to afford having the 

ideal genes that an employer is looking for in a “genetic application.”  The rich will 
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continue to stay rich while the non-wealthy will have a very steep ascent to try and move 

up a class.  In addition, parents may enhance the genes of a child to fit the criteria of a 

certain occupation.  This could be becoming the first human to land on Mars or becoming 

a professional football player.  Perhaps becoming a world class piano player includes 

needing to have 12 fingers instead of 10.142  Enhancing genes to fit a certain genetic 

resume violates Feinberg’s child’s right to an open future because it would be 

predetermining the occupation of the child.  This places an unbelievable amount of 

pressure on the child to become what his or her parents want him or her to be rather than 

having the freedom to choose his or her own destiny.  I support editing the embryonic 

genome for the purpose of enhancement if a parent wants to give their child the most 

tools for success.  However, parents must understand that success is not derived from 

genetics alone, but also must be supplemented with a strong support system around the 

child as he or she grows.  Parents cannot expect to be hands off and still believe that their 

child’s genetics alone will be enough to propel their child into success.  Companies can 

support the notion that hard work leads to success by ensuring that hiring will not be 

determined by genetic resume.  

 

The End…Enter Homo evolutis 

 The ethical debates surrounding embryonic genome editing, whether for treatment 

or enhancement, are fascinating.  Examining the use of genome editing technology in 

individual cases is important, but I would like to conclude this thesis by taking a step 
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back and looking at the implications of the use of this technology on humanity as a 

whole.  When the time of embryonic genome editing arrives, will this signify a cosmic 

level shift in our germline toward a new species? 

 In 2009, Juan Enriquez delivered a Ted Talk titled “The Next Species of Human.”  

While Enriquez made several excellent points in his presentation, perhaps the greatest 

“eureka” moment came from a powerpoint slide diagramming the overlapping timeline of 

hominids to walk on Earth since Homo erectus.143  The key word in the description is 

“overlapping.”  In other words, species do not suddenly all evolve at one time.  As one 

species evolves to its next form, both species will tend to coexist for hundreds, perhaps 

thousands, of years.  Human evolution follows the same logic.  However, an external 

force has to act on human genetics in order to evolve.  A few mutations that become 

prevalent in the population over long period of time will not be enough to warrant the 

distinction of a new race (unless those with the mutation cannot breed with those without 

the mutation).  The external force that will jumpstart the next great evolution of humans 

is genome editing. Josiah Zayner’s feelings about the ability to utilize CRISPR-Cas9 to 

edit the embryonic genome align with Enriquez’s ideas.  Remember, Zayner stated that 

he believes humans may never again “be slaves to the genetics we are born with.”144 

Enriquez concludes his Ted Talk by revealing his hypothesized new species, Homo 
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evolutis; defined as “hominids that take direct and deliberate control over the evolution of 

their species… and others.”11  

 There are many reasons to be wary of this potential evolution to Homo evolutis.  It 

was previously mentioned that humanity would probably conform to one type of human 

for each sex (that is until someone breaks the mold and the next generation of humans 

strives to look like the new cutting edge model).  One reason why natural selection has 

created a diverse gene pool is to protect a species against various environmental 

pressures, such as climate change or disease, that could conceivably wipe out an entire 

subset of a population.  The diverse gene pool is what prevents a species from going 

extinct in such a circumstance and allows for adaptation.145 Large scale conformity could 

threaten the human race if a super virus specifically targets the genetic make-up that a 

large portion of humanity has conformed to. 

Another danger with allowing genome editing to become wide-spread is the 

ability of all humanity to equally access this technology.  I would like to believe that if 

embryonic treatment shows high levels of success, then insurance would be able to cover 

this service for most of the human population.  Chances are, however, that enhancement 

will not be equally accessible.  An issue that was previously brought up was the concern 

over only the wealthy’s having the ability to design their child to be as smart and as 

physically gifted as possible, which thereby puts those children in a better position for 

success later in life.  Forget about this as the issue.  Imagine the implication that if an 
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embryo undergoes genome editing for enhancement, the eventual child is of a different 

species from those who did not use this service.  Will only the elite fit into this 

classification of Homo evolutis because they will be the only ones who can afford the 

“the species upgrade”?   

While I suppose genome editing could cause an actual evolution from Homo 

sapiens to another species, I believe that Homo evolutis serves more as a metaphor than 

an actual prediction of a biological evolution.  Nonetheless, humanity should be worried 

about the implications of some individuals gaining the metaphorical status of the 

“improved” Homo evolutis species.  The only response I have to quell my concerns is that 

humanity, if we happen to successfully push the boundaries of mother nature and have 

the ability to control our own genetics, must not forget the name our current species 

holds: Homo sapiens.  The reason why humans must engage in bioethical debate is to use 

our wisdom to not only react to current problems, but to proactively debate an issue 

before it becomes a problem.  Unfortunately, proactive problem solving does not happen 

enough.  There is a tendency in science to first discover a new scientific advance and to 

worry about its associated problems later.  Genome editing must not be allowed to fall 

into this category.  Humanity has an obligation to discuss the issues surrounding genome 

editing in order to create proposals to regulate this technology to protect the human 

species from itself.   
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