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Abstract
This paper discusses the ethics of human genetic modification in response to the rapid increase in capabilities within this field. This topic is discussed by addressing the permissibility of genetic modification through the following research question: To what extent, and on what normative basis, is it permissible to forbid human genome editing? The invention of CRISPR has provides us with increased capabilities to treat or prevent disease, increase personal freedom of choice and decrease existing genetic inequalities. These capabilities can however also be used to limit personal freedom and create new forms of inequality. Certain forms of genetic modification may be forbidden to prevent some of the negative effects but also to preserve the significant positive effects of genetic modification. This paper identifies two main lines of reasoning on the basis of which certain forms of genetic modification may legitimately be banned. One, to protect the individual, which is to be modified, against undue influence of parents, the state or other organisations. Genetic modification should as such be the product of the will of the individual, bar situations in which both limited agency and medical need are present. Second, to protect society at large from the undesirable effects, like inequality, that some forms of modification may produce. 
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I suspect that the first question of any reader presented with this paper might sound something like this: What an odd front-cover, what does this have to do with genetic modification? The truth is that The Great Wave, by Hokusai[footnoteRef:1], captures something of the feeling I had when I first learned about CRISPR and its potential. Depending on one’s point of view the print might depict man’s fight against nature, or simply the attempt to survive despite of it. Is this a fight chosen out of necessity, or one born out of hubris? The situation that the men in the picture are in is not clear. In fact, it largely depends upon the nature of the observer whether one considers these men to be in control or seconds away from disaster. The subject of CRISPR induced a similar sense of conflict in me, in truth it still does. What do we hope to find when we set out to sail our genetic oceans?  [1:  (Hokusai, 1830)] 


The motivation behind this paper is largely born out of my own frustration about the relationship between Alpha and Beta studies. It has been my experience that the separation between the two has been so thorough that hybrid topics often create two entirely separate discussions. The topic of CRISPR has shown us how artificial this separation between disciplines actually is. It is my firm belief that the lack of communication between Alpha and Beta level studies has been detrimental to both. 

CRISPR, to me, represents a technology that could potentially change the way we interface with our biological reality. This will have consequences for the ways we relate to and organize our personal and collective lives. As such the topic should be of great interest to political scientist. What this paper represents is firstly my attempt to write the type of paper I would have liked to see four years ago. Secondly, it seeks to make the contemporary discussion about genetic modification accessible to others besides the usual suspects like medical scholars and bioethicists. 

The creation of this paper was helped immensely by my supervisor Marcel Wissenburg. His advice and generous supply of puns, jokes and other witty remarks proved invaluable, not only to the range and depth of the arguments themselves, but also to preserve the playfulness in an activity that all too often threatens to be taxing. Above all however, one feels that he genuinely wants his students to succeed. Secondly, I’d like to thank Lynn Buschers, for her patience and support regardless of my grumpiness or flagrant caffeine misuse.  Finally, I would like to thank my family and friends, most of which I haven’t seen nearly as often as I would have liked due to the peculiar circumstances at the time of writing. 




R.A. Takken
April 21, 2020
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[bookmark: _Toc43837944]Introduction
CRISPR is a new tool which is used in the manipulation and modification of DNA. The discovery of CRISPR and its function some ten years ago, has been the starting sign for a revolution in medical possibilities and capabilities that is so significant that we might not see it’s like again within this century. As such, CRISPR has been singlehandedly responsible for the re-opening of the ethics debate on human genetic modification. This is not at all undesirable for any debate about the ethics of a technology should remain up to date regarding the specific technology it refers to. CRISPR does seem to be one of those technologies which commands an influence great enough to legitimize a re-examination of our deliberations on the subject so far. 

This alone would not have sufficed to write this paper however. The scientific necessity of this paper is found in the way that this re-opening of the debate has happened until now and will continue to do so if no steps are undertaken. The problem is, that the debate has been re-opened but not everybody has shown up to join in. Up until now the discussion is mainly being held in medical and biological circles. Voices from other fields like politics, public management or philosophy are few and far between and tend not to be very prevalent when they join. While it is very important that medical and technologically minded voices participate in the debate and continue to do so. It doesn’t seem far-fetched to suggest that, a political theorist and a bioethicist are likely to have different points of view and approaches when it comes to the morality, desirability, and consequences of this new technology. 

As a result of the relative absence of political, legal and philosophical thinkers, the societal/political dimension of the questions raised by CRISPR are either left unanswered, or are answered from a bio-medical perspective, not a political one. Aspects like rights, liberty and inequality are underfeatured or discussed from a medical perspective and not a political one. Any new technology that us likely to have great impact on any field of study should not remain void of the scholars working in that particular field. This is, if I may say so, especially true of politics. 

This paper therefore represents an attempt to highlight the political dimensions of the debate and in a way that makes the discussion as a whole more accessible for others. As such, this paper will feature elements that may seem obvious or simplistic to those who are familiar with this discussion. The medical scholar may find the elaboration on the workings of CRISPR simplistic while the ethicist may find the discussion on some of the pro or anti-arguments self-evident. This paper thus asks experts for their patience, for it is not those who already have, but those who seek to understand and/or join the discussion, who are the primary target audience for this paper.  

The debate about the ethics of human modification is not new and there are a number of established arguments for and against modification and enhancement. The dominant sentiment used to be that it was unethical to modify human DNA, ‘we shouldn’t play god’ is perhaps the shortest version of this sentiment. It was however, a lot easier to say these things, when they were not broadly possible anyway. To say this now is to be willing to face the parent of a child with a genetic disorder that will cause significant pain and suffering and say: ‘We will not treat your child, although we could’. One might answer that it seems reasonable that we suspend our ban on genetic modification to treat disease, but it is not entirely clear what a disease is. Is blindness a disease? Should we prevent or cure autism or dwarfism? Now that the answers to these questions will result in real life consequences, we are forced to reconsider the arguments that we have used up until now. Which of them are still applicable and which are not? We need to recognize that the answers we produce when faced with these questions are essentially political in nature. Inherent in these answers are our own views of humanity and society, this paper is no exception. 

The increased ease and prevalence of genetic modification raises questions about the relationship between parent and child and even the interaction between generations over decades or centuries. These questions are questions of power, questions of rights, of duties, of inequality and liberty, in short: questions of politics. These questions and their answers should thus not be left exclusively to those who are not specialized in this field of study. To insert a political dimension into this debate means asking, what effect does CRISPR have on the power dimensions within society? Should CRISPR be a luxury product or a common good, and if so who will pay for this and to what extend? What are the possibilities of regulating such a technology and at what level should this be done? The following question has been chosen to function as a red line through this complex debate:  

To what extent, and on what normative basis, is it permissible to forbid human genome editing?

The first aim of this paper is to re-introduce the political into the human modification debate. The second aim is to make this discussion more accessible. This debate should be held by, and be accessible to, a diverse range of voices. The negative formulation of the question has been a conscious choice and follows from one of the central arguments of this paper. Namely, that the burden of proof, when it comes to the banning of genetic modification, lies on the party that seeks to pursue such a ban. As interesting as the central question is, its value does not lie in the answer nor was it chosen for this purpose. This specific question was chosen because of the journey it necessitates for any who attempts to answer it. It is my hope that readers who strive to undertake this journey will not only see the multitude of questions and answers that lie along the wayside. But also realize the (political) consequences and implications of the answers they choose to take away from this text. 

















[bookmark: _Toc43837945]Chapter 1 – CRISPR
Understanding what CRISPR actually is and how it works is a critical component of the discussion about the current ethics debate around gene editing. We will therefore start with a relatively concise exploration of the technology that was influential enough to singlehandedly re-open the debate about human modification. The biologist and medical scholars among you will have to excuse the simplification that is to be found in this explanation. They can console themselves with the guarantee that said simplification is not a neglect of the importance of this new technology, but a product of the desire to ensure accessibility to all. 
[bookmark: _Toc43837946]1.1 - Back to the basics: dna
The goal of this paper is to broaden the current discussion about the ethics of human gene editing. Currently this discussion is mainly being held by biologist, medical scholars and other specialist in the field of genetics and bioethics. Any attempt at inclusion of other points of view or specializations needs to start with a relatively modest assumption of prior knowledge. It is therefore necessary that we start our debate about the ethics of contemporary human genome editing with an exploration of the nature of gene editing itself. What does it entail, how does it work and where does CRISPR enter the equation? This discussion in turn however does require some knowledge about the inner workings of DNA itself. 

 (
Figure 
1
 
(Genome Research Limited, 2016)
)[image: ]So, back to the basics; DNA, or deoxyribonucleic acid. The common misconception is that this macro-molecule was discovered in the 1950s by Francis Crick and James Watson. However, the discovery of DNA itself predates Watson and Crick by almost a century. In 1869 Swiss physician Friederich Miescher first discovered, what later turned out to be DNA, in the white blood cells he obtained from puss on bandages collected at the local medical clinic. Around 1900, aided by the resurfacing of the work done by the Austrian monk Gregor Mendel, the first theories started to emerge about the involvement of DNA in the inheritability of traits. In 1953 Watson and Crick famously theorized and proved that DNA has a double helix shape see figure 1. 
Within this helix, genetic instructions are encoded in a sequence of chemical ‘letters’ or bases. The four bases are adenine (A), cytosine (C), guanine (G) and thymine (T). These bases are in turn coupled in base pairs. Base pairs form the instructions or data, that is encoded within the DNA. 

Within our DNA lies encoded the basis of our biological existence. Our bodies and to some degree our minds are inscribed in these strings of combinations of just four letters. It is the basis of our life, and sometimes our death. Mistakes in our DNA can have vast, sometimes mortal consequences. Haemophilia A (a blood clotting deficiency), Muscular Dystrophy (progressive degeneration of muscular tissue) or Cystic Fibrosis (chronic mucus build-up in the lungs) are all examples of diseases that are not caused by any virus or bacteria but instead are coded into the DNA of the victim. Sickle cell anemia is another example. It causes the red blood cells to deform and start adopting a sickle like shape. This can severely limit the cells ability to carry oxygen, especially in small capillaries like the brain or the lungs. Remember Sickle cell for it will return multiple times in this paper. 

The human genome contains roughly 3.200.000.000 base pairs (Lewis, 2017)[footnoteRef:2]. This in turn translates to 6.400.000.000 genes. Sickle cell anemia is caused by, the change of one A to a T in the HBB gene (Adam Bolt, 2019). One change out of a six billion. See figure 2 to get an estimation of the size of the haystack medical scholars are dealing with.  [2:  Unions have more then 12 times the DNA a human has. Just when we thought humans were the most complex biological organisms. (Harvard Gazette, 2000)  ] 

[image: A double-stranded DNA molecule becomes increasingly more compact in this eight-step schematic diagram. In step 1, the DNA double-helix is depicted at one end as a horizontal double-stranded molecule. In steps 2 through 4, the molecule’s opposite end is wound 1.65 times around a brown disc, representing the nucleosome. A text box in step 4 defines a chromatosome as a nucleosome plus the H1 histone, depicted here as a red cylinder bound to the outside of the coiled DNA, fastening the DNA against the nucleosome. In step 5, the nucleosomes are folded in on each other to form a hollow, tube-like fiber, where many nucleosomes are arranged in parallel rings to form the tube’s outer layer. In step 6, the fiber forms wave-like loops, 300 nanometers in length. The 300-nanometers fiber looks like a coiled telephone cord. In step 7, the loops of the fiber are compressed and folded together. In step 8, the fibers are tightly compressed into an X-shaped chromosome.]
FigurE 2 (Pierce, 2013)
It is an incredible achievement that we have found the one gene that causes this disease, but now that we have found it. How do we fix it?
[bookmark: _Toc43837947]1.2 - Gentic modification: a new frontier 
It is understandable that after the discovery of genes and their basis in DNA, followed by the realization that a great many diseases find their origin these genes, scientist started to think about the possibility of correcting these mistakes. The first organisms to be genetically modified were E. coli bacteria by Herbert W. Boyer and Stanley N. Cohen in 1973 (Encyclopedia Britannica, 2019). They combined multiple genes of different species and successfully inserted these into the E-coli bacteria which in turn successfully reproduced. This proved that not only could we see or edit DNA, but we could also combine the DNA of multiple species. This new DNA is called recombinant (composed of that of multiple species) can be used to alter species in such a way as to make them more useful for humans. The interesting implication here is that similar combinations of DNA might be possible in humans as well. For example: zebra fish have the ability to regenerate heart tissue after substantial damage, humans have this ability for the liver, but no the heart (Torella, 2019). Such an ability might prove invaluable to rehabilitate victims of a heart attack. Think a bit more ambitious then this and the concept of recombinant DNA could enable all sorts of interesting modifications. 

But what is a genetic modification actually? It usually refers to the altering of DNA by either removing, often called ‘knocking-out’, or inserting, certain genes. This means changing an A, T, G or C, or a series of A’s T’s G’s and C’s. The change of one letter can have far ranging implications. Remember, the change of one A to a T that means the difference between having or not having sickle cell anemia. It is no exaggeration to say that one wrong letter at the wrong place can mean the difference between life and death.  At this point in time we have identified more than 10.000 diseases and disorders that originate from only one defective gene (Swartz, 2018).

“It’s like having one typo in a book containing 6 billion letters,”
Matthew Porteus, MD, PhD. (Swartz, 2018)

From this point of view, it is easy to understand the immensity of the challenge and also the very real possibility of danger. Any attempt at modification incudes the risks of mistakes, unforeseen consequences or off-target effects. These may seem like side-effects in concept but are potentially much more dangerous (West & Gronvall, 2020, p. 77). The side effects of a drug can be expected to fade away after one stops takin the drug. This is not the case with a CRISPR-based change in DNA. Such a change and its effects stay with you, for good or for ill. Sometimes it only takes one letter to remove a problem, other times this creates a new one. The first step in any genetic modification is to actually identify the gene that one wants to change. The researcher needs to know where a certain gene is located and what its function is. Any editing of the DNA therefore first requires a full sequencing of the DNA, that is knowing where all the T’s G’s A’s and C’s are located. This sequencing itself is time-consuming and expensive, or at least, it was, before we had CRISPR. It also requires a decent understanding of what a certain gene does. For example, we may know that a certain disease originates from an abnormality in the DNA, it is often challenging however to pinpoint precisely which genes actually cause this disease. Especially since many of these diseases are linked to multiple genes, the interaction between which, is not always clear. 

Generally speaking, there are three ways of editing DNA in vivo, by bacteria, by virus and (interestingly) by gun. The bacterial and viral method of genetic modification rely on the fact that most viruses and many bacteria insert their DNA, or RNA into a cell as part of their life cycle (Royal Society, 2016). Especially viruses are fond of injecting our cells with their genetic code, which in turn reprograms the cell in such a way as to turn it into a virus-production factory. Cells tend to not like this process very much and the host body promptly responds to the activities of these little guests by getting sick. This process, however irritating when one has the sniffle’s, can be used. Massively simplified, a certain gene is given to the virus/bacterium and they are then led loose to do what they do best. If all goes as intended the gene is inserted in the relevant cells and the genetic modification is achieved. This method does involve some risks however, since the viruses and bacteria can end up in parts of the organism where the modification is not wanted (Adam Bolt, 2019). Or parts of our bodies where the behaviour of the bacteria or viruses changes and starts to become dangerous. Modification by gun involves the coating of small heavy metal particles with the desired gene and simply bombard the specific tissue with these particles (Royal Society, 2016). 

These methods already existed before CRISPR. It may seem therefore that the re-opening of the genetic debate is somewhat redundant. But however impressive the achievements in genetics have been up until 2012, genetic modification was far from a common process, and even further from easy. It is the addition of CRISPR which has drastically magnified our abilities to identify and modify genetic code. 

“It’s no exaggeration to say that CRISPR has been revolutionary. With CRISPR, we can do genetic experiments that would have been unimaginable just a few years ago, not just on inherited disorders but also on genes that contribute to acquired diseases, including AIDS, cancer and heart diseases." Matthew Porteus, MD, PhD (Swartz, 2018).
[bookmark: _Toc43837948]1.3 - What is CRISPR?
The story of CRISPR begins, surprisingly, with yoghurt. Specifically, the little microbes who reside in it (bacteria) and their battle against viruses. We think of viruses, as we do with most things, mainly in the ways in which they influence us. However, viruses who infect or target humans are in reality quite rare. The overwhelming majority of viruses target bacteria. Viruses that infect bacteria are called bacteriophages (Encyclopedia Britannica , 2018). The most important thing for now is to remember that these bacteriophages are also viruses and they infect bacteria in roughly the same way as a ‘human’ virus infects our cells, by inserting a strand of DNA or RNA into a or the cell of the organism. For these bacteriophages the target is not one massive biological body made up of millions of cells, but rather whole colonies of bacteria. 

The effect such bacteriophages can have on colonies of bacteria is devastating, most often they specialize in a specific type of bacteria and are therefore highly adept at the seeking and destroying of these single celled organisms[footnoteRef:3]. This mass slaughter, apart from being very tedious to the bacteria, is also very unhelpful if one wants to produce good yogurt, as Philippe Horvath a scientist for Danisco knew all too well. Bacteriophage attacks upon the colonies of bacteria used in the dairy products of Danisco were a real headache (Lander, 2016). Horvath and his colleagues were tasked with finding out if anything could be done about this. Our bodies have defences against viral infections. We have legion of specialized cells designed to deal with infections of any kind. A single celled organism like a bacterium however, by definition does not have specialized cells to defend itself. So how does a bacterium defend itself from bacteriophages?  [3:  There are plans to use bacteriophages to combat the rise in antibiotic-resistant bacteria. Successfully implementing such treatment would be a great step in the anti-biotic crisis. ] 

[image: ] (
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(Ledford, 2017)
)There are some chemical defences bacteria can turn to, but that is not the response Horvath and his colleagues found. What they found was that even after a bacteriophage infection of a bacterial culture not all bacteria were exterminated. Even more interesting, the remaining bacteria showed considerable resistance against new infections of bacteriophages of the same kind (Adam Bolt, 2019). This looked like a learned immune response, but how? Bacteria don’t have an immune response, or at least not one as sophisticated as this. What they found out when analysing the DNA of these last of the Mohicans bacteria, was a strange repeat in the genetic material. The DNA at its most basic form is just a string of A’s T’s G’s and C’s. Within this genetic code they found repeats in the DNA sequence followed by spacers. Think of these as a string of code that keeps repeating itself. Interestingly the coding of these spacers was not of bacterial in origin, it was virus DNA. The bacteria had incorporated some bacteriophage DNA into their own, as a sort of genetic mugshot. The bacteria were now able to recognize what bacteriophage had attacked it and, could now defend itself against it. See figure 3. This defence mechanism is called CRISPR.

CRISPR is essentially a part of a bacteria’s natural defence system against viral attacks. With the help of different Cas proteins of which Cas-9 is the most famous and important, the bacteria can protect itself from the inserted genetic material by cutting it. The Cas-9 protein in this case functions as the pair of scissors and cuts the viral DNA. These cuts are in turn saved, as a sort of genetic mugshot, and help to give the bacteria some degree of immunity against future attacks by this type of bacteriophage. However, as interesting this bacterial defence mechanism may be, it is not the reason you are reading this, and it is certainly not the reason why a political student is writing this. The discovery that led to the meteoric rise in CRIPSR-research and its capabilities is a simple one: this process can be programmed.

The Cas-9 protein can be given a piece of guide RNA as large as 20 base pairs. Cas-9 will then search the genome for that piece of genetic material. Once it finds the perfect match it will then cut the DNA at that specific place. The cells repair response will in turn be triggered to repair the cut, remember that cells need to repair their DNA all the time. Depending on how the Cas-9 protein was employed, the process has now made a specific piece of the genetic code inactive or introduced a new set of genetic material (Church, 2018). This is the new way in which genetic modification can be achieved.

The main challenges of genetic modification are essentially still the same 
1. Find the piece of genetic material somewhere between the 3.200.000.000 base pairs.
2. Use a tool that can operate accurately on an intra-cellular level.
3. Be able to repeat a procedure constantly in different cells and different organism.

CRISPR doesn’t necessary fix all of these issues, but it does make it a great deal more manageable to deal with these issues. Imagine you stand in a library and you are told to replace one series of 5 letters in a specific sentence. You do not know the specific book you are looking for much less the page. How happy would you be if you were offered the use of a computer which contained a digitized version of all the books and their content within it? Even better, the computer has a ‘Find’ a ‘Cut’ and a ‘Paste’ option. Now you know how happy the genetic scholars and biologist were with the finding of CRISPR. 

Maybe even more important, this programming is easy, quick and cheap. So cheap in fact that here are DIY genetic engineering starter kits for sale for less than 1000$. (Adam Bolt, 2019) There is in fact even a sense of foreboding within the genetics field that CRISPR might be a bit too easy. How happy should we be that a technology with this potential and power is already easy enough for private use, even amateur experimentation. To determine whether or not this is a serious cause for concern one final question on the practical details of CRISPR needs to be answered. The answer to this question is of paramount importance for it largely determines the direction and content of the rest of this paper. The question is: What can CRISPR do? 
[bookmark: _Toc43837949]1.4 - The possibilities of CRISPR
Before elaborating on the possibilities of CRISPR it is important to highlight the approach that has been used in answering it. Any estimation of the possibilities of a technology must be self-conscious of the inherent limiting factor of its placement in time. Prediction is therefore an essential part in any meaningful discussion about the risks, possibilities and ethical implications of CRISPR. Society won’t stand still, neither will the development in the field of genetic modification. In fact, CRISPR technology is quickly becoming one of the largest scientific fields of study. In 2011 the US national Institutes of Health (NIH) allotted $5 million to CRISPR research. In 2018 This funding has increased to $1 billion. This funding however is not limited to the public sector, the total funding is likely to be multitudes greater. The same year counted over 12,000 CRISPR related publications (West & Gronvall, 2020). 

There have been calls from the related scientific fields to refrain from speculation and prediction with regards to CRISPR and its possible future. This caution against prediction is often argued on the basis of the inherent unpredictability of the future. It is claimed that because a certain field is developing so quickly predictions are not very helpful because the sheer volatility of the field prohibits the formulation of accurate predictions. While this request might have some validity to it, it is important to realize that such calls for restraint are not unique to the medical field and are often used by fields of study that experience exponential growth. Such calls however can function as a defensive strategy by a specific field. If a political examination of genetic modification refrains from prediction at all it will be outdated the moment it is published. Calls for restraint are therefore sometimes used as a tool to ensure other fields or regulatory bodies are always one step behind the ball (Jansanoff, 2019). 

Prediction is an essential part of science. Especially in the field of politics it is of the utmost importance to avoid being caught off-guard by major changes. Some of the considerations regarding the risks and possibilities of CRISPR will therefore be based on technology that is being considered or actively looked into but is not yet practical reality. A second argument for the use of predictions is that the primary purpose of this paper is a consideration of the ethics of CRISPR. In such discussions it may be irrelevant whether the proposed point is actually possible at this moment. The emphasis lays on the importance of the argument and the logic that it is based upon. The same can be said for the degree of probability which is another argument often raised to limit the scope of ethical and political debate. The probability argument states that certain manifestations of genetic modification like designer baby’s (see below) are in fact so improbably that to include these phenomena in the regulatory considerations is counterproductive. 

The improbability argument is a poor defence if its purpose is to keep these aspects out of the ethical and political debate. By refraining from prediction and restricting our consideration to the realm of the probable we inherently limit the strength and reach of the conclusions we produce. (Hurlbut, 2020) The discussion on the possibilities of CRISPR therefore will at least to a degree feature a discussion about the things that might become possible not only those that are.

So, what can CRISPR do? In short, it allows us to make targeted changes to the DNA only manipulating those genes that have the attributes we are interested in changing. This can now be done faster, cheaper and more accurate than ever before (Doudna J. , 2019). This means that we can turn some genes on or off, or even insert new ones. In theory these new genes don’t necessarily have to be human. 

CRISPR technology can help us fight infectious diseases. For example, in FDA-approved clinical trials the CCR5 genes has been edited in adults, with the intent of treating HIV infection (Doxzen & Halpern, 2020). CRISPR has even more potential to help tackle genetic diseases. This can rage form auto-immune diseases, to syndromes or disorders. In certain examples like sickle cell anemia these treatments are already being conducted on patients. The biggest challenge for the treatment of genetically based diseases lies in the determination of what should be changed, not if we can change it. This is still a very complex issue though it is important to understand that this still constitutes a major breakthrough. Instead of having to scale two walls to get to the treatment of a disease we now only face one, and we have better tools to do the job. Secondly, there are a host of genetically based diseases that are less complex in nature, some of them pertain only to one gene, in these cases rapid progress is now being made. Thirdly, the treatment of many diseased is not an all or nothing issue. A disease might be complex and have many different roots and issues but, fixing at least some of these issues might still raise survival chances or quality of life with the disease. There is a world of difference between HIV, with treatment now, and HIV 40 years back. We do not necessarily need to be able to cure a disease in order to work on it or with it. 
To get a sense of the possibilities that we might be facing, consider the following examples. There are a host of different genes that are singular in nature, but have far reaching effects for the carriers of those genes. For example, the Hercules gene, responsible for the body’s response to myostatin (a protein that is a major factor in the growth differentiation of muscular tissue) can be mutated. Subjects with a mutation on this gene have decreased myostatin levels, giving them a significant advantage when it comes to the production and maintenance of muscle mass (Yamada, 2012). A similar mutation is seen in the extremely muscular cattle used today for the production of beef. Humans who have this Hercules gene have a significant physical advantage over regular human beings. Eddie Hall, the 2017 world strongest man, raised the world record for the deadlift from 465 to 500 kilos. An increase that would be comparable with a second reduction in the 100m sprint world record. Hall has the Hercules gene. In a 2019 interview he stated that it is his genetic makeup which allows him to carry the amount of muscle required for such a feat much more easily than a normal human being (Hall, 2019).

Consider again the beef cattle, they most certainly do not lift weights, still they have tremendous amounts of muscle with little or no effort. How much would a top athlete or a bodybuilder give to have this specific mutation? Concerns about ‘gene doping’ have already been raised and myostatin deficiency is only the tip of the iceberg. Consider how unsuccessful the fight against chemical doping has been so far. How successful can we expect regulations or limitations on gene-doping be, in a business where there are tens of millions of euros are on the line? The probability of this specific genetic manipulation becoming a practical capability of the medical field is very large. This is because while in athletes a myostatin manipulation might give them tremendous advantages, for patients with muscular dystrophy this manipulation is currently being invested in as a possible treatment, with some promising results (Yamada, 2012).

What if a treatment for one, is enhancement for the other? This particular phenomenon is important to keep in mind, since it directly deals with the probability argument. A research proposal aimed at the discovery of new forms of gene doping might seem very unlikely to pass any scientific ethics committee, let alone governmental standards. But if the same research proposal aims to help people with degenerative muscular diseases it is unlikely to meet with stark resistance. Let’s suppose that the research is successful. Any question pertaining to the possibility of the technology is now off the table, whether or not this technology can now be used with the intent to create super athletes is a matter of regulation not probability. In this regard it is important to realize that just because a certain kind of genetic modification was not intended to be used as enhancement does not mean it cannot be used as such. The view on genetic modification expressed in this paper is not necessarily opposed to enhancement (see chapter 2), it does concede however that not all modifications might be desirable, depending partially depending upon the result that said modification produces. What we know now however, is that the results of any specific modification are heavily context dependent. Which makes general policy making exceedingly difficult.

The extent of the changes is a matter of scale. There is for example as of today no possibility to increase intelligence or height by genetic modification. Both of these factors are simultaneously the most often posed questions and one of the least likely (Doudna J. , 2019). This is not to say that increases in intelligence or height won’t ever be possible, but these specific traits are very complex in nature and are not a matter of just changing one gene. Which brings us back to the possibilities of CRISPR based technology for the uses of human genetic modification. In short, we are already capable of modifying DNA in humans. CRISPR has increased our ability to do so and has simultaneously sped up the progress towards further abilities significantly.  

“We have to take it step by step, so it is great to start with diseases like sickle cell that are fairly well understood” Jennifer Doudna, (Doudna J. , 2019)

One of the largest fields of debate in genetic modification centres around these questions of treatment versus enhancement, with an added dimension: what if the individual itself didn’t choose or consent to have its DNA altered? Enter, the designer baby. Almost all experts agree that genetic modification needn’t necessarily restrict itself to adults. On the contrary, there are strong indications that genetic modification might be more easily achieved when the subject is an embryo or the pre-embryonal lump of cells (Darnovsky & Hasson, 2020). The most radical perspectives on the concept of designer babies predict a future in which parents will be able to buy the best kinds of DNA. The concept of designer babies from an ethical standpoint will be more deeply discussed in chapter 2, for now it is enough to understand that purely from a technical perspective, it is completely possible to create baby’s with DNA which has been modified along the wishes of the parents. These wishes are constrained by the technology of a specific time and place in addition to any regulatory restrictions. But from a theoretical perspective, a good degree of relatively simple changes is already possible. So possible in fact, that it has already happened. 

In November 2018 a shock went through the medical community. News had come to light that genome editing had been used to create genetically modified humans. He Jiankui, employed at the Southern University of Science and Technology of China, Shenzhen announced that he had performed genome editing on a pair of embryos. His purpose was to create HIV immunity in the twin girls that were born in October of that year (Chan, 2020). While there was a substantial amount of public outrage, and Jiankui was subsequently charged with a three-year prison sentence, the medical community had to accept the fact that this might be a sign of things to come. Especially since later rumours surfaced which suggested that the Chinese government might have funded the research. 

While the practical reality of human genome editing has been very conservative thus far, the technology hasn’t been so laid-back when it comes to other species. We are already capable and actively involved in the genetic manipulation of domesticated plants and animals using these increased and CRISPR based capabilities (here we need to keep in mind that, any technology sophisticated enough to work on pigs, is very likely to be effective on humans as well). Other possibilities include the manipulation of viruses and bacteria for our benefit. The potential for modified viruses to function as an anti-biotic was already mentioned. In addition to this we are already working to pacify viruses that target humans specifically through genetic modification. It is easy to forget that only a very tiny variation in the genetic makeup can mean the difference between being a victim of a virus, a carrier, or neither. The bird flu is a good example. This viral infection mainly targets birds but can infect humans as well. The virus is potentially dangerous for humans but has trouble making the inter-species jump. This is why some people got sick because of the virus but others were unphased by it. Either a modification in the genetic makeup of the patient, or more ideally, in the virus could render this virus harmless, at least to humans that is. 

Another possibility is not the targeting of the human or virus but the carrier of the disease itself. Malaria is the most famous example of a disease brought to us by mosquito. Not all mosquitoes are viable carriers of malaria. There have already been successful experiments that, through the uses of gene drives, made malaria mosquito’s unsuitable to carry the malaria virus (Kahn, 2016). Simplified, no malaria mosquito’s, no malaria.   

These last examples may seem somewhat out of place in a paper about human genetic modification. All these capabilities are in fact CRISPR based, but have no direct implication on human genetics. These secondary effects however do serve as an important reminder. Namely that even if we were to refrain from human genetic modification completely, which seems unlikely, the invention of CRISPR and the capabilities it gives us is still going to have significant implications for the future of humanity. The most important thing to take home from this chapter is not that things are going to change, they already have. While outside the scope of this paper, it remains important to remember that there are far easier ways of effecting humanity then through direct genetic modification. Further discussion about the political implications of non-human genetic modification is necessary if we are going to have an interdisciplinary discussion about CRISPR as a development that impacts many fields of study.  





















[bookmark: _Toc43837950]Chapter 2 – An oveview of the ethics debate 
One can imagine that some of the implications of the last chapter would stir up a considerable amount of controversy and debate. Ironically the first thing one notices when examining this brand-new technology is how old the debate about human modification actually is. The debate about human modification is far older than CRISPR itself, it is even older than our ability to edit human DNA. When considering the possibilities of a technology as new and advanced as CRISPR it is easy to forget that there are ‘less high tech’ ways to modify DNA. We forget that we ourselves transformed a wolf into a chihuahua without using so much as spark of electricity. As stated before, discussions about the ethics of any goal, usually run parallel to our ability to actually reach this goal. This reason tends to explain why there is disappointingly little discussion about the ethics of nuclear weapons in Aristotle and why the founding fathers neglected to give us some guidelines for internet usage. In practice this means that the discussion about human modification, while relatively old, is not always as sophisticated as one might desire. In addition to an overview of the primary arguments about human genetic modification it is therefore necessary to analyse in how far these arguments still apply to our modern capabilities. 

This chapter will therefore be more than a mere summary of the debate as it exists today but will also strive to make some meaningful choices between differing arguments. It is important to realize that these arguments are not meant to be taken as absolutes. They represent the specific choices one has to make when navigating conflicts between rights, freedom and equality. As Rawls has argued before, even completely reasonable individuals might arrive at different choices depending on the relative weight they attach to certain goals or goods, like liberty or equality. (Rawls, 1996)

The discussion about human genetic modification is one that is generally held (or fought) on four fronts. The first discussion centres around the question whether we should pursue human genetic modification at all. The second focuses on when modification is justified. The third contemplates what types of genetic modification are acceptable and which are not. The fourth asks the question, who gets to decide what can and cannot be done, and who gets modified. This chapter is mainly concerned with the first three questions, the fourth will be pop op within these discussions as well, but is discussed in depth in the next chapter. This chapter will try to give an overview of the most influential arguments, where do they come form, what do they imply, and to what extent are they applicable today. The reader will realize that, as is so often the case, things are somewhat more complicated then they seem at first sight. 

[bookmark: _Toc43837951]2.1 - If? Should we pursue human genetic modification at all?
The first question that has to be asked when considering whether or not human genetic modification should be banned is: on who lies the burden of proof? An a priori ban of human genetic modification irrespective of any consideration of the substance of said technology seems illegitimate. An a priori ban, by its very nature, does not consider the substance of a technology before banning it. If one chooses to adopt such a position one can only do so in general and not only in reference to genetic modification. By definition an a priori ban cannot be based on the implications of human genetic modification for then one is already involved in the debate about the normative implications of the technology. Such an a priori ban therefore would have to be common practice on all new technology, if not then it is specific to human genetic modification and in being specific it already considers the particulars of the technology. The burden of proof lies on the side that seeks to outlaw/remove something, and as such any ban requires arguments. 

This does not mean that no argument against human genetic modification can be put, but it does fall on to the anti-modification side of the argument to proof what is so wrong about human genetic modification as to legitimize a ban or restriction.  This is also why the central question of this paper: To what extent, and on what normative basis, is it permissible to forbid human genome editing? was given a negative formulation, asking what could possibly legitimize a ban and not what could legitimize the usage of human genetic modification itself. When we thus conclude that it is up to the anti-modification side to provide reasons for a complete or partial ban on genetic modification it becomes time to ask the question, what is the normative basis for these arguments? 

The naturalistic argument
The naturalistic argument depends on normative view of human nature. It considers ‘the human’ as a given that can be used as a normative guide (Murray, 2009). In its most extreme conception, the naturalistic argument sees the human as an absolute to which no permanent changes should be made. Naturalistic arguments are however underfeatured in most discussions about genetic modification. The most probable explanation for this is that most naturalistic arguments base themselves on religious beliefs. These are uninteresting medically and are most often ignored philosophically, this does not mean however that they are irrelevant. Many people still heavily base their moral outlook on life on conceptions of the world which are undoubtably religious in origin even if the holder of said outlook is no longer a firm believer himself. By failing to address this line of argumentation completely, many theories do the discussion about genetic modification a disservice.

So, what does this ‘natural’ actually mean? An argument that states that humans should not be modified and thus changed from their ‘natural’ state has to define what ‘natural’ actually means. It seems quite clear that there can’t be a universal natural. All living organisms, including humans, are after all different from each other form a genetic perspective. How would one point out one person or one set of genes a claim these to be natural? Choosing a broad selection of genes and deeming these natural seems equally unfeasible, for what would you choose to be in or out, and what legitimacy does your selection have? What is the basis for excluding one set of characteristics form the natural? The naturalistic argument that follows this blue-print conception of natural therefore cannot establish a legitimate ‘natural’ on its own. The most common usage of the blue-print version of this argument therefore is in combination with a deity which functions as a legitimizer of the claim of naturality. By invoking a deity to legitimize your claim on the natural however, you invalidate the use of the argument to support a ban on genetic modification, for such a ban affects other individuals beside yourself and thus would impose your deity upon them. The blue-print version of the naturalistic argument in the genetic modification debate, therefore, cannot be combined with a deity without imposing this deity on others. Without said deity it becomes impossible to claim a legitimate ‘natural’ to base the central claim upon. 

But let’s suppose we could agree upon a natural human blueprint. The very fact that we are human, and our bodies are DNA-based means that we are prone to mutations. Most of these are minor and benign but the fact is that our genetic code changes over the span of our lives without any genetic engineering involved in the process. A blueprint proponent might argue that these mutations are (probably) negligible and therefore not of significant importance to the argument. The fact is however that the statistics alone dictate that not all mutations are small and over time they accumulate. While we might think that we have escaped its’s grasp, evolution is just as much a part of our lives today as it was 5.000 years ago. We still change, we still adapt, we just adapt to different situations. All in all, this means that our genetic material still changes over the generations and a set natural can’t survive this flux. Ironically a blueprint conception of a natural human state would in the long term necessitate genetic modification to keep people on this set natural. The alternative is the continuous adaptation of what is considered to be natural, but in doing so one would accept that the human condition is one of flux and what then is the point of pinning down a set natural in the first place? A blueprint set natural of the human condition can therefore not be the basis of a ban on genetic modifications due to the problems in defining, legitimizing, and stabilizing such a natural. 

A different conception on what it means to be ‘natural’ does exist, however. A conception of natural as unchanged. This understanding of the term natural lays greater emphasis on the individual and accepts that humans differ and there aren’t necessarily set boundaries that define one natural human being. Rather the unchanged conception of natural defines your genetic material as given to us at birth (or at conception, depending on your understanding of a human being) to be natural then, is to be unchanged. This means that however uncommon your genetic makeup might be, the fact that it is yours at birth makes it your ‘natural’. Notice that the only real distinction between the unchanged and the blueprint conception of the natural is a focus on the individual by the former and one of the general population by the latter. The unchanged variation of the naturalist argument however does run into some of the same problems as the blueprint variation does. Mutations during the life of the individual are for example still problematic. This problem is often solved by claiming that changes in the genetic material are not problematic if these changes originate in a natural way. Which, rather than solving the problem just shifts the discussion to the problem of defining what a ‘natural’ change is. 

All the versions of the naturalistic argument present a strong resemblance to naturalistic fallacies. The naturalistic fallacy as put by G.E. Moore states that whether or not something is natural has no bearing on it being good. Of course, things that are natural can be good, but Moore points out that they are not by definition. (Lutz, 2018) In fact, the whole medical enterprise could be described as “a comprehensive attempt to frustrate the course of nature” (Harris, 2016)

The unchanged conception of the natural is the most vulnerable to naturalistic fallacies.  Just because someone is born with certain DNA gives us no indication that this is good DNA to be born with. This is already true of fairly standard DNA but becomes increasingly obvious when we consider the vast amounts of DNA-based suffering that exists. For a healthy individual to suggest to a sickle cell patient that he/she should not modify their DNA because their unchanged DNA is naturally good is grossly inappropriate at best. Proponents of the naturalistic view should therefore ask themselves, whether it is moral to claim that natural DNA is good in and of itself considering the massive suffering caused by natural DNA in others? Natural DNA is always a roll of the dice, the outcome of which can range from incredible to terrible. Natural DNA is therefore often cited as the example of what Ronald Dworkin deemed: Brute Luck. That is to say, luck which is not determined by a deliberate gamble on your part but rather a result of forces beyond your control (Dworkin, 2000). This brute luck is seen as something to be mitigated, compensated or nullified in some way if one wants to arrive at a just situation (Lippert-Rasmussen, 2018). The roll of the dice is therefore neither just, for it results in brute luck, nor fair, for the chances of getting a bad roll are not equal for everybody due to the inheritability of many diseases or conditions. The unchanged argument therefore cannot legitimately claim that, because everybody gets to roll the dice and no power can interfere, the resulting DNA is therefore the best option. To claim that the natural randomized creation of new DNA is fair is a gross oversimplification of the process. Both the DNA of the parents and the pre-natal environment of the mother already skew the process for or against the child. The outcome of a role of the dice is likewise unjust, because DNA differs and the result is necessarily a distribution where some have bad brute luck and others positive brute luck. The only way the unchanged conception can thus support the normative good of unchanged DNA is by appeal to a legitimizing factor. This however cannot be nature itself, see naturalistic fallacy, nor any god for the same reasons as stated above. 

The final and most common occurrence of the naturalistic argument specifies a picture of humanity as contours of the given (Murray, 2009). Where the unchanged understanding of humanity accepts variability but is opposed to change, the contours version of the naturalistic argument accepts change but only within certain ranges of variability. This view is often used in the enhancement vs. treatment discussion and acknowledges that humans vary in characteristics but are still creatures of a specific type and not infinitely malleable. 

The central claim of the contour’s argument is that modifications should not run contrast to human nature. This raises questions about what we consider to be a human as well as how we see human behaviour. A line of argumentation that is related to the contour’s argument is one which objects to genetic modification out of fear that this may damage our human dignity or our sense of intrinsic value. These objections too are based upon a view of what a human, or being human, ought to be like. This line of argumentation is more flexible than the previous conceptions of nature and can allow for genetic modification depending on the circumstances. Scholars who object to genetic modification along these lines include (Sandel, 2007), (Habermans, 2003) and (Garland-Thomson, 2020). All forms of naturalistic arguments do create one major issue however, why should ‘I’ be limited by ‘their’ views on human nature? 

A ban on human genetic modification denies me an essential part of self-possession when it comes to my own body. A sanctification of ‘natural’ DNA as a normative good, lays a claim on my DNA. How can I be said to possess my own body, if I am barred from the source code that very body is made of? The idea that one can be the owner of one’s body but not of one’s DNA is nonsensical, the two are inseparably linked. 

Self-possession is here understood as the concept that individuals own their own bodies, a very physicalist perspective on this might even be that you, are, your body. It is correct off course that the right of self-possession is a normative assumption, much like the right of free speech is so as well. It is however an assumption that is supported here. We are and should be the owners of our own bodies, this is not only morally right but also rationally preferable to the alternative. If we use Rawlsian deontology to illustrate this point: if one were to choose the rules of a new society, not knowing anything about oneself, it would be irrational to choose to live in a society in which anybody or any organization could make changes to your physical self, without your knowledge or consent. There may be those who deny de right of self-possession and as such take issue with some of the claims presented in this paper. These issues cannot be addressed within the framework of this paper itself, for anyone who denies that individuals are the owners of their own bodies, has larger differences with the main philosophy of this paper then just the issue of genetic modification. 
The self-possession of one individual can only be restricted or suspended if it leads to harm in others. The most well-known example of this is the abortion debate, in which abortion may be prohibited if the unborn child is developed to such a point as to experience harm by an act of self-possession (abortion) by the mother.  

In the case of human genetic modification however, the body or DNA at stake doesn’t necessarily include any other human being. While this can be the case, see heritable modification in 2.4, it is not necessarily so and can as such not be the basis for a complete ban, but only legitimate restrictions upon some forms of modification. A non-heritable modification of a body that concerns only the body of that single individual should be of no concern to others. A ban on human genetic modification in such cases on the bases on the naturalistic argument lays claim on my DNA itself. Anti-modification arguments purely based on the naturalistic argument, that is to say a normative view of what a human is supposed to be, do not seem to be a legitimate basis for a ban on genetic modification. Even arguments based on human dignity suffer from this problem, for they are based upon an ideal conception of human existence which others might not share. 

In attempting to completely ban genetic modification one view of human nature or dignity is forced on the population as a while. Others might after all entertain very different views on human nature and thus on what a dignified human life means. Advocates of the promethean view of human nature for example view the human condition as one of self-determination (Murray, 2009, p. 11). From this point of view, wilful self-design, is a fundamentally human endeavour and genetic modification is just another step in our journey to shape our own future. Arguments of dignity and intrinsic value are certainly useful but not in the context of a complete ban. They will feature in minor and major ways in the next three sub-chapters but cannot provide us with a legitimate reason to ban all attempts at genetic modification. The view of nature as contours of the given is thus more useful in the discussion about the limits of genetic modification, in other words, what types of modifications can we accept and when? 

In short, the central problem of naturalistic arguments lies with the declaration of normative claims that extend to the lives and bodies of other individuals with little or no argumentation as to why these individuals should accept these claims. The source of legitimacy of the claims used by naturalistic arguments like religion or human nature can be used to argue against enforced genetic modification or other anti-modification arguments on a personal basis. They cannot, however, be expanded to the general population if this group does not support the underlying legitimacy of the original normative claim. Doing so would enforce a certain deity, belief or view of human nature upon others. It is for these reasons that, in modern democracies, the naturalistic argument cannot be legitimately used to enforce a complete ban on genetic modification. 

What the naturalistic argument offers us then, is argumentation for personal freedom not to be genetically modified. In relation to the central question then, the naturalistic argument provides us with the following answer. When should genetic modification be forbidden? In cases where the subject does not want to be modified or is not mentally capable of making the choice of modification. The matter of choice is a complicated one and will be expanded upon in the somatic vs. heritable discussion. 




The consequentialist argument 
Consequentialism states that the normative aspects of any concept are to be primarily determined by the consequences that said concept produces. In the case of genetic modification  a consequentialist ethic looks at the possible result that CRISPR can or does bring about and reaches a verdict dependent upon these findings (Sinnott-Armstrong, 2019). The term consequentialism represents a host of different theories. Actual consequentialism, direct consequentialism, evaluative consequentialism, hedonism, total consequentialism, aggregative consequentialism etc. Consequentialisms ultimate basis of judgment relies on the ‘goodness’ of the ultimate outcome. Different kinds of consequentialism can have different understandings of what this ‘good’ actually means. For now, we are primarily interested to see whether a consequentialist line of reasoning can provide a legitimate basis for a complete ban on genetic modification. 

A deep and complete analysis that investigates the concept of human genetic modification form these different consequentialist perspectives would be a tremendously interesting and valuable addition to the genetic modification discussion. At this point in time however, it is exceedingly difficult to make such an assessment for much of the future of CRISPR is still unclear. We do not know yet what overall costs, abilities, developmental speed or side effects of this new technology will be. Such an analysis would also necessitate the inclusion of specialists in the genetic field to help paint a broader and more specific picture of the possibilities and probabilities of genetic modification. Said analysis does not however fall inside the scope of this paper. Further research into the consequentialist ethics of genetic modification is needed. The societal results of genetic modification like inequality or access to the technology are discussed in chapter 3. 

Some general connotations about the usage of consequentialist arguments which favour a complete ban on genetic modification are useful still. Consequentialism is here understood as any theory that makes the claim that normative properties of any action depend only on the consequences that said action brings into being. One of the virtues of a consequentialist approach to genetic modification is that it allows for the inclusion of the positive outcomes of genetic modification. This, in addition to the inclusion of counterfactuals, for example the negative consequences of a partial or complete ban, lends the consequentialist approach better to a back and forth discussion between pro and anti-modification arguments. It is however precisely this inherent flexibility that makes a consequentialist approach rather unsuited to support a complete ban on genetic modification. A complete ban based on consequentialist arguments would have to explain why the positive effects that CRISPR makes possible should be banned too. Again, the fact that genetic modification can cause harm in one specific situation does not imply that it will do so in another. A ban of genetic modification in areas where it can be used for good, for example the treatment of certain genetic diseases, would have to be counted as caused harm by the ban on modification itself. 

A consequentialist argument for a complete ban on genetic modification makes one basic claim, namely: The undesirable results that genetic modification produces are so serious that it is better to ban the technology as a whole. This would also mean that said undesirable results outweigh the potential for good that genetic modification has too, in this case the prevention and mitigation of genetically based suffering. A somewhat uncommon but still potent argument against genetic modification is the dismissal of this entire project. In other words, this argument does not necessarily put that genetic modification will lead to a bad outcome, rather it states that it does not bring about a good one. While there are multiple versions and interpretations of this argument the red line through all of them is the acceptance of suffering as something that is inherent, or even indispensable, to the human experience. There are however a number of problems with this argument. Firstly, genetic modification does not reduce suffering in all instances. If someone wants to turn his/her skin blue, just because, this does not increase or decrease suffering and cannot legitimately banned on the basis that suffering is part of human life. Secondly, while genetic suffering is considerable, it is by no means the only source of suffering in the world. Just because someone is prevented from having Sickle cell anemia does not mean he/she wont experience other suffering. It can indeed be put that some suffering is indeed still part of the human experience it does not follow however that all suffering should be part of this experience. Lastly, generalizing ones view of suffering as essential to the human condition, carries with its similar problems as raised in the previous sub-chapter. Namely, while one might legitimately hold this view, it is not immediately clear that others should do so too. A complete ban on the basis of this argument enforces this very specific conception of the human condition on others, regardless of their views on human life. 

This paper does consider the reduction of genetically based suffering to be a laudable goal and as such view’s genetic modification as a technology that can bring about considerable desirable effects. Which leaves us the consideration of the possible undesirable results of genetic modifications. First and foremost, of which is inequality (which is discussed in depth in chapter 3). A second possible undesirable consequence of genetic modification could be the undue influence over others that older generations might exercise over younger ones. This could take the form of certain types of eugenics (as discussed in 2.2), or heritable modifications (as discussed in 2.4). A third negative effect is that of the power dimension that can be created in societies now that genetic modification might increasingly common. Specifically, this relates to the power that the majority of the population, or the government, has over the individual who might want to retain or acquire certain traits deemed undesirable by society at large. 

All these effects have something in common, however. None of them need necessarily occur. Certain forms of genetic modification can be banned, like heritable modification, others might only be permissible in very narrowly defined circumstances. Inequality can be mitigated and controlled if need be. Within this paper there are already numerous proposals and suggestions which may decrease or even eliminate some of the most worrisome problems that genetic modification can cause. There are legion of other proposals who offer their own solutions to some of these challenges. These undesirable results can be prevented, compromised or otherwise discouraged. One may question the ability to uphold the standards and rules proposed in this paper or others. But a complete ban makes assumptions of controllability of said ban and the outcome of this ban too. 

Furthermore, a complete ban also prevents modifications that do not produce suffering at all, and as such impinge upon fundamental rights and freedoms without the need to do so. Take one of the propositions on the gene wish-list of the (in)famous Harvard CRISPR pioneer George Church[footnoteRef:4] (Church, 2018). Roughly 2% of the population carries a mutated version of the ABCC11 gene which is linked with low odour production. Simply put, carriers of this gene produce no to little odour, so no smelly armpits (Paul Ratner, 2019). Church suggests that modifying DNA to make this mutation available to all is a good usage of genetic technology. Such a (somatic) modification produces no negative results for others, one could even argue that the benefit of odourless individuals befalls their fellow citizens more than the individuals themselves, as any regular public transport user should know. The point is however that from a consequentialist perspective there is no real reason to ban such a modification if it produces no harm. [4:  The very same professor who tried to resurrect the woolly mammoth] 


These types of arguments are nothing new, however. H.C. O’Neill rightly points out that modern calls for a moratorium on the human application of CRISPR technology closely resembles the controversies around in vitro fertilization research. The 1979 Ethics Advisory Board of HEW also included a call for a complete ban on that technology (O'Neill, 2020). The same warnings of a Brave New World were raised ten years later when the possibilities of preimplantation genetic diagnosis (PGD) was explored (Adam Bolt, 2019). It is because these two methods are now much less controversial and more widespread that a slippery slope argumentation for genetic modification does not work. “… we must bear in mind that similar ends may be reached by quite dissimilar means” (Murray, 2009, p. 5). If consequentialism is only interested in results, it should not matter whether these results were reached with PGD or genetic engineering. PGD can produce similar results to genetic modification, the process is however much more cumbersome and expensive. 

We can therefore conclude that consequentialist argumentation could be very useful in the discussion on the different forms of genetic modification. It is however ill suited as the basis for a complete ban on genetic modification because of the preventable nature of much of the undesirable effects and the inclusion of the significant amounts of desirable effects that genetic modification also produces. 

Is it unethical to ban genetic modification? 
In short, yes. As described above there are numerous downsides to genetic modification some of which are very worrying indeed. However, the very fact that something has significant downsides is no valid reason to outright ban it, especially if we consider the very significant potential for good that is also there in this technology. Completely banning the usage of CRISPR technology, or the emergence of newer and more sophisticated forms of gene therapy, is immoral because it allows the sheer amount of suffering and death that such new treatments help to prevent. Allowing such suffering can only be justified on the basis of tremendously strong argumentation without which one just allows suffering for no legitimate reason which is almost the definition of unethical. 

Strong narcotics and opioid’s for example have the potential to cause tremendous harm and suffering. Regular opioid usage in an otherwise healthy individual can cause great harm in the form of addiction, mental problems or even death. A complete ban on opioids however would result in deaths and suffering too. No ethicist worthy of consideration would suggest banning all opioids for the simple reason that they can and do cause harm in some instances. Even if they did, such an opinion would quickly melt away at the prospect of bone surgery without anaesthesia. 

There is also the problem of rights. In all westernized countries people have a right of self-ownership. The wording differs depending on the country, but the central idea is the same. Individuals possess their own body and this ownership can only be suspended if there are legitimate reasons for doing so. DNA is the very source code our bodies are made off, the idea of having self-ownership without having ownership over one’s DNA is nonsensical. In a world in which I am able to change my genetic makeup, any ban on the usage of this technology encroaches on the ownership of my own DNA. For if it is truly my DNA, why wouldn’t I be allowed to change it? My autonomy over my DNA should only be suspend able if said autonomy harms others, and while there are certainly situations possible in which this is the case (see chapter 3) it is not true of every case. A complete ban is a very blunt instrument, applied in a discussion that is defined by its very context dependency. Heritable genetic modification is another matter, for in such cases I change the DNA of future generations as well. 

Rights based arguments that advocate a total ban on genetic modification fail because the very ban itself would violate fundamental rights of freedom. Naturalistic arguments too are unable to support a complete ban without violating fundamental rights. In addition, naturalistic arguments have internal inconsistencies which make them unfit for application to others then oneself. The consequentialist line of reasoning can be helpful in the determination of the ‘how’ of genetic modification but provides little basis for any answer of the ‘if’. We therefore have no legitimate arguments to support a ban on human genetic modification 

Ethical matters are complex. CRISPR, like many other ethical problems, does not have a simple yes or no answer. If ethical problems had simple answers and total solutions, we would have solved ethics a long time ago. The truth is that ethics is an imperfect game. The right response to ethical problems is often heavily dependent upon circumstances. It is precisely this that makes ethics the Sisyphean effort that it is. Perfect answers are hard to come by, in this very imperfect world. Ethics for all intents and purposes is thus not about creating a world that is absolutely good, rather it is the attempt to make the world a little less bad. Simplistic solutions like complete ban’s or a total carte blanche on genetic modification are a denial of the complexity of the world we live in. These are attempts to solve ethics with a hammer.

What the argumentation above tries to illustrate is not that arguments of nature or consequentialist reasoning have no place in the ethics debate, but rather that they are ill suited to serve as justification for a complete ban on genetic modification. Which leads to the following conclusion: In the absence of overwhelmingly strong arguments to the contrary, the complete banning of genetic modification and thus omittance to prevent suffering which has now become preventable, we allow vast amounts of suffering to exist and continue to exist without proper argumentation for doing so. In the light of this conclusion we can declare a complete ban on genetic modification to be unethical.  
[bookmark: _Toc43837952]2.2 - When? eugenics and pgd
The main message that should be derived from the previous paragraph is that, it is perfectly acceptable for people to participate in genetic modification on themselves. However, said modification should not be forced upon others based on the right of self-possession. The problem we are then automatically faced with is that of children. If we assume (as this paper does) that we do have some moral obligation to care for our children and secure their well-being, then how does this obligation relate to the right of self-possession? Genetic modification gives us the ability to cure or prevent certain diseases and conditions in children. This raises a question however, when does the duty of the parent to care for a child, clash with the notion that we shouldn’t modify others? This is where we enter the realm of eugenics. 

The term “Eugenics”, literally meaning -good birth-, is here understood as: the conscious attempt to improve the genetic make-up of future generations by including and excluding desirable and undesirable traits (Goering, 2014). The focus of eugenics thus lies on future generation(s) and not on any one individual. The concept of eugenics is quite old. The first mentions of eugenics-like programs date back to when Plato recommended state-run programs of selective mating. The concept gained popularity in the 19th and 20th century after Darwin’s theory of evolution. It was Darwin’s own cousin Francis Galton who popularized the eugenics was a way to “improve human stock”. (Goering, 2014) Eugenics has two broad goals. Firstly, the encouragement (or enforcement) of people of good health to reproduce together to create good births. This is what is known as positive eugenics. Secondly, to end certain diseases and defects by discouraging or preventing certain people from reproducing. This is what is known as negative eugenics (Goering, 2014). Negative eugenics commonly were governmentally run programs that sterilized people with diseases or conditions that were deemed dangerous, either for themselves or for society at large. The political and ethical problems that arise from both activities should be quite obvious. It is for example not immediately clear what a disease or disorder is, much less who gets to define the concept. As to be expected, the concept was quickly abused for political, racist, sexist, homophobe and classist purposes. These state-run, and often mandatory programs are rightfully dubbed: authoritarian eugenics (Agar, 2004).

The subject of eugenics is often regarded as taboo in medical, ethical and political circles. This is not strange due to the strong connection that eugenics still has in many people’s minds to the holocaust and Nazi ideology. The term has therefore been weaponized in much the same way as the term fascism has been. Any mention of genetic modification can thus be near certain that the label of eugenics will be used against it in some form or shape. CRISPR is no different, multiple scholars warn that CRISPR-based genetic modification could lead us to new era of eugenics (Doxzen & Halpern, 2020). But not all forms of eugenics are the same, and it seems unwise to kill a discussion before it can take place just by throwing around negatively loaded terms. It is for example not at all obvious that the accusation of eugenic like situations necessarily applies to pro-modification arguments, in some cases quite the opposite. We should therefore consider the differences that exist between different forms of eugenics and ask ourselves to what extend this term is actually appropriate to genetic modification.    

Forced authoritarian eugenics are completely unacceptable from a moral and ethical perspective. In forcing any group of people to abdicate their right of self-possession and freedom of reproduction it shows itself to be directly opposed to some of the most basic rights and freedoms we have. The threat of eugenics has therefore understandably been used to argue against human genetic modification. However, eugenics needn’t necessarily be authoritarian eugenics. An organized effort that aims to eliminate certain genetic diseases like Tay-Sachs, Huntington’s or Sickle cell anaemia seems laudable indeed but would technically qualify as eugenics. A far-reaching ban on human genetic modification for the reason that it would classify as eugenics, is to failing to understand that what eugenics has been is not necessarily what it has to be. 

In recent years for example there have been philosophers who have advocated a different type of eugenics: liberal eugenics. This understanding of the term differs from authoritarian eugenics on four major points (Goering, 2014). Firstly, the individual nature as opposed to the collectivist approach seen in authoritarian eugenics programs. The purpose of liberal eugenics is thus to increase the wellbeing of the individual rather than the wellbeing of the whole community or state. Secondly, it heavily emphasizes individual liberty, the freedom of the individual to determine their ideas and conceptions of the good life is central to the liberal ideal. Thirdly, it supports, even presumes, value pluralism. Individual parents will differ on a wide variety of options and possibilities. The focus on the individual allows for a wider array of choices that can be freely made. Lastly, liberal eugenics emphasize the difference between the kind and quality of evidence that is used as the bases on which choices are made. In the past this basis was often hardly based on evidence at all, rather it featured political views on race, sex or intelligence that were “hopelessly wrong” (Agar, 2004, p. 7). 

Due to these four characteristics liberal eugenics seems to provide a better solution to the problem that is, an attempt to maximize children’s well-being while protecting them from undue control from society. However, while liberal eugenics does provide a better protection of rights then authoritarian eugenics does, it still preserves some of the major problems that seem to be inherent in all eugenics like propositions. A post-modernist critique of the evidence-based approach of liberal eugenics might be that what societies define as diseases or undesirable traits are still choices and political ones at that. According to this view there is no real way to separate the politics form the science. A more moderate take on this argument could be that objective scientific research might be possible but the way in which these findings are processed by any decision maker are still highly political. 

This presents two problems of power. Firstly, a conflict between the regulatory body and the future parents. Even liberal eugenics poses restrictions on the type of modification that can be done, such restrictions have to be decided upon and maintained which gives the regulatory body a position of dominance over parents. This in turn means that power is still very much a part of liberal eugenics. It also means that politics are still involved. Even if the verdict of said authority is based upon scientific research the way this research is processed and applied is still a political issue. Somewhere a decision has to be made whether a condition like deafness can be modified in or should be modified out. The fact is however that even in a liberal understanding of eugenics this choice is political in nature and the aspect of power is still very much involved. This conflict and the issue of defining conditions and diseases will be discussed more closely in 2.3 and chapter 3. 

Secondly, a conflict of interest between the freedom of reproduction and choice of the parents versus the interest and well-being of the (future) child. This issue is most relevant when considering the ‘when’ of genetic modification. The ‘when’ question of genetic modification is relatively simple for adults, namely when they want to provided that the modification in question does not harm others or provide the individual an undue advantage over others (see 3.1). The ‘when’ in the case of (unborn)children is far more difficult, because the factor of choice cannot be taken into account. However, multiple genetic diseases can be detrimental to the health of the child, some of which might only be curable by pre-birth, modification, while others could be so dangerous that the child won’t live to see adulthood. CRISPR increases our ability to cure or prevent genetic diseases and thus provides us with more power to secure well-being of children. The question is, how can we use genetic modification to prevent diseases and other genetics-bases suffering, while protecting future children from complete genetic control by their parents. Liberal eugenics aims to solve this question by stating that parent cannot choose modifications for their child that will harm the child itself. This is however where we run into one of the biggest problems of the whole genetic modification debate, the non-identity problem.

 “The non-identity problem arises from the fact that there are some actions, and policies, that affect who actually comes into existence.” (Palmer, 2012, p. 158) Consider a child that will be born a year from now. Obviously, this child has not been conceived yet, but will be in about three months. The exact moment at which this child will be conceived is still vague, which means that we cannot properly speak of one child at all, since the exact timing at which the child is conceived influence the specific sperm-egg combination. A child that is conceived on Monday is non-identical with one that is conceived 2 days later on Wednesday. Let’s say the mother and father had planned to meet up on Monday, but the father chooses to stay late at work and move the date to Wednesday. This decision to delay the date changes which child comes into being. For genetic modification this means that any modification that the parents choose for their child changes the child that comes into being. A child that is born with Sickle cell anaemia is a different child then the child that is modified and is therefore born without Sickle cell anaemia. It therefore becomes impossible to harm a child with any (pre-conceptual) modification for if said modification would not have been selected, a different child would have come into being. It is non-sensical to claim that the modification has harmed the child, because the child that could have been harmed because of it won’t be born now, a different child which is non-identical will be born, who himself is not worse off because of the modification because it is precisely this modification which brings him into existence. Removing said modification removes this child too. This leaves us with the counter-intuitive conclusion that it is impossible to harm a future child by using genetic modification. 

“The non-identity problem arises because some actions appear to be wrong, and they appear to be wrong in virtue of harming certain people, but those people would not have existed if the actions had not been performed, and those people have lives that are worth living. Such actions are puzzling because they do not make these people worse off than they otherwise would have been; but plausibly, one harms someone only if one makes her worse off.” (Harman, 2009, p. 137) 

The limit that liberal eugenics poses on the genetic modification of children therefore seems doomed from the start. If no modifications can technically harm a child, no modifications are off limit. Morally off course this seems completely unacceptable, few would agree that it is completely fine to make a child blind or crippled just because a parent want’s it so. But can a legitimate argument against the total freedom of the parent to modify a child be made? Luckily it can. 

Consider the following circumstance. Person A decides he wants to commit a murder. He grabs a knife with the intent to murder the first suitable victim he comes across. Walking around he spots a victim, person B, and moves in for the kill. Right before the lethal action however, A is run over by a lorry. The knife falls in the bushes unseen by anyone, B never noticed what happened and is completely unaware that he was seconds away from death. B is therefore completely fine, no harm has befallen him. However, does the fact that B has experienced no harm from the actions of A mean that those actions were not immoral? Off course not, the very decision that A made, to try and kill someone, is immoral in itself. The fact that A has not succeeded is no moral absolution, the fact that he tried to kill someone is immoral and thus condemnable. To be perfectly clear, the immorality of the action of A is not located in A’s will to murder anybody, however unpleasant this will may be, but is found in his active attempt to achieve this. The immorality locks-in at the moment A decides to attempt and achieve his desire. In other words, the moment A tries to change the state of the world to fit this specific desire. Whether we find ourselves behind a vail of ignorance, or adopt a categorical imperative, both lead us to conclude that it is irrational to want a world in which it is completely acceptable to strive towards immoral actions. When this reasoning is applied to the case of liberal eugenics is becomes clear why not all modifications of children are acceptable. Modifications that are intended to cause harm are immoral regardless whether the harm is actually caused or not, due to the immorality of the attempt.

This reasoning can give us a solution to a second problem, that of designer babies. Designer babies have been a trending topic in the CRISPR discussion and a cause for concern from an ethical perspective. Simply put, designer babies are cases in which the parents select certain traits that they deem desirable, like hair colour, muscle mass or even intelligence or height. Most researchers doubt whether complex traits like intelligence or height are going to be modifiable anytime soon (Doudna J. , 2019). Less complex modifications however, like the aforementioned myostatin deficiency to achieve increased production of muscle mass, are already reason for concern. Consider the following example: a pair of parents have selected a range of genes they believe will give their child a greater degree of athletic prowess, they want these genes to be inserted into their future child in order to give him/her better chances sports. 

Now is this wrong? These modifications are not meant to harm the child, most would even say the child benefits from these modifications. Due to the non-identity problem it is near-impossible to argue that the modifications selected by the parents harm the child, neither is the intend harmful. Such modifications however would constitute a far-reaching influence of the parents on the life of the child. Habermans (2003) argues that, by engineering children in specific ways and with specific purposes, beyond the treatment of disease, we might damage their sense of self-determination. Their sense of responsibility of themselves and their creation of their own character and freedom. The main issue, according to Habermans, is not genetic modification itself, but rather “the attitude in which interventions in the genetic makeup of members of our moral community are carried out that provides the standards for an assessment of their admissibility” (Habermans, 2003, p. 43). Genetic modification of children beyond medical need can be wrong despite the absence of malicious intent or experienced harm by the child. What makes such modification morally questionable is the attitude to others, it betrays. In attempting to modify a child in such ways, parents try to insert their will into the space in which the will of the child still has to grow. It is an attempt to control something which they should not want to control at all. It is an attempt to do something to the child which they could not reasonably accept for themselves. Could we accept a world in which anybody could modify our DNA, without us knowing or consenting to this? Even if such modifications prove harmless, the idea that one lives in a world in which anyone could, at any time, invade our ‘self’, our very being, and modify it at will, is an exceedingly unpleasant idea.

This influence exceeds childhood itself, for these genes will be carried by the now adult child, for the rest of his/her life. It is therefore problematic to assert that the creation of designer babies falls under the parent’s duty to care for the child, for this mandate only extends until adulthood. These genetic modifications however will, by their very nature, extend beyond childhood and thus constitute undue influence of the parents over the life of another individual. In attempting to insert a certain genetic modification that is a product of the will of the parents and not of medical need, the parents attempt to influence the life of the child beyond their mandate to do so. One might argue that the DNA of the child is constituted of the genetic material of the parents and by virtue of their right of self-possession they should have influence over this material. This is however not completely accurate. The right of self-possession refers specifically to the body of one individual, in this case the specific DNA of that individual. The DNA of the child may be constituted out of the DNA of the parents, that is however not the same as being the DNA of the parents. It is an entire new mix, which will produce a new individual with his/her own body and mind and his/her own right to those aspects of the self.  
Habermas (2003) voices his concern about the effect of genetic modification on the child-parent relationship by underlining how the engineering of children in very specific ways beyond the treatment of disease, we undermine their (the child) capacity for self-definition, their sense of being somehow responsible for who they are and what they have become. In short, their ability to create their own identity (Habermans, 2003, pp. 12-13). Frances Kamm adds to this by questioning our ability to foresee how a wide variety of traits, or combination of these traits, will produce certain persons or characteristics  (Goering, 2014).

“When creatures of limited imagination do not design themselves and others, they are likely to extend the range of their appreciation of goods because the range of goods is likely to be larger. A parent who might have designed his child to have the good trait of composing classical music, could not have conceived that it would be good to have a child who turns out to be one of the Beatles. (To have conceived it, would have involved creating the style before the Beatles did.) …Too much control will limit the number and combination of goods from what is possible.” (Kamm, 2005, p. 14)

Even genetic treatment has its critics. Doxzen & Halpern question our ability to distinguish the blurry line between treatment and enhancement. They suggest that if we can cure conditions like deafness, deafness itself might become less and less acceptable to us. An environment that allows the use of genetic modification to cure such conditions might lead to increasing isolation and stigmatization of those deemed to be less-than perfect (Doxzen & Halpern, 2020, p. 47). This argument too however is far from new, and exactly the same concerns were voiced after the invention of preimplantation genetic diagnosis (PGD). PGD is the genetic profiling of embryos prior to the in vitro fertilization and implantation. (O'Neill, 2020) In this process embryos are genetically tested on a variety of genetic diseases and conditions prior to implantation. Only healthy embryos are transferred for pregnancies. PGD is most often used in situations where, due to genetic factors in one or two of the parents, there is significant risk of certain diseases for the child. 

PGD carries a strong resemblance to some of the ethical factors that concern CRISPR as well. It too leads to a situation where parents can exercise control over the genetic makeup of a child. It too makes distinctions between what is desirable and undesirable genetically. There is a strong resemblance therefore between the use of PGD currently and liberal eugenics, in so far as it takes place at the level of the parents, is non mandatory, allows some degree of value pluralism, and is in theory only based upon medical need which is informed by legitimate research. There are however some major differences as well. PGD in contrast to genetic modification only selects against certain conditions, where genetic modification has the potential to also select for traits (O'Neill, 2020, p. 104). PGD has always been relatively expensive and as a result quire rare. Doxzen & Halpern site this as one of the main reasons why there has been relatively little public protest against PGD. (Doxzen & Halpern, 2020) CHRISPR on the contrary is quite cheap and relatively easy to use, this technology has the potential to become much more widespread and is therefore more likely to be used for less serious conditions or just plain enhancement. Any argument against genetic modification out of aversion of eugenics would have to recognize that we do partially already live in a society where liberal eugenics on a small scale is already exercised and has been for quite a long time. Proponents of genetic modification or enhancement on the other hand will have to recognize that, due to the decreased price of CRISPR based technology, liberal eugenics in the form of CRISPR based modification is likely to increase in prevalence. 

Are the ties with eugenics a mortal problem for human genetic modification? This seems doubtful. The fact is that the concerns over the potential resemblance between genetic modification and eugenics has been directed in entirely the wrong direction. The immorality of eugenics is more often stated then argued. Eugenics has such a bad reputation amongst nearly anybody and across all fields of study that the name itself has become synonymous with something nefarious. The focus therefore is often put on the history of eugenics rather than on its future. The genetic modification of children does undoubtably fall under the definition of eugenics. This should not be used however to invalidate all attempts at genetic modification in children. If the modification is based on medical need, rather than on the whim of the parents or the commands of the state, there is a good case to be made for this new type of eugenics. Genetic modification can as such be seen as a sort of genetic vaccine against a range of different genetic disorders and diseases.

It has to be realized that this type of eugenics is entirely different then the type which gave eugenics a terrible reputation in the first place. Comparisons between the then and the now are thus not entirely fair. In the same ways as comparisons between mental healthcare now and a hundred years ago are not helpful. 

The problem with eugenics now is not the potential of domination by the state or racism or sexism. While these are valid concerns, less high-tech technology then CRISPR could have been used for such purposes for decades now. The eugenics related problems that CRISPR presents us with lie in the relationship between parent and child, not primarily in the interaction between state and individual. The challenge we face is how can we protect children against the increased influence parents can now exercise over them whilst retaining the tremendous potential to reduce suffering that CRISPR offers. It should be possible to prevent children from being born with all kinds of terrible diseases or conditions without imposing the will of the parents upon them. PGD if anything shows us that this is possible. CRISPR will indeed force us to expand this discussion and be clearer in our deliberations. But protecting a child against undue influence from its parents does not necessarily imply that we cannot protect this child form disease as well. 

In conclusion, human genetic modification can indeed resemble eugenics. While the term itself carries significant negative weight, it should not automatically invalidate any policy or idea it is applied to. The term eugenics is all too often used as a kill switch for any genetics related discussion. This shows a failure to understand the difference in circumstances that we find ourselves in today, as opposed to the crude measures of a hundred years ago. This is neither desirable nor helpful. If said misuse of the term continues to delay progress in the field, it will undoubtably result in unnecessary suffering. The new potential of genetic modification presents us with three major challenges. First, the re-evaluation of the boundaries between parent and (unborn)child. Second, the creation of clear rules delineating the difference between treatment and enhancement. This includes consideration of how societal norms and narratives influence our conception of what is considered to be desirable. Third, a discussion on how the usage of this technology will influence inequality and power-relations within societies. 

[bookmark: _Toc43837953]2.3 - What type I? – Treatment versus enhancement
The treatment versus enhancement debate is the first of the two major points of discussion on the application of genetic modification. Along with the distinction between somatic and heritable modifications the treatment-enhancement distinction is employed to answer the third question of this chapter namely: what types of genetic modifications are acceptable? 

The distinction between treatment and enhancement arises out of the variety of purposes for which genetic modification can be used. Treatment is traditionally seen as a restoration from a harmful state or, alterations that “restore (a person) to a normal state of health and fitness” (President's Council on Bioethics, 2003). Enhancement can be defined as the improvement of the body beyond what is necessary to restore or sustain health (Buchanan, 2009). The treatment-enhancement distinction might thus prove a useful distinction for medical professionals, for it provides a marking point from which the boundaries between the duty to help can be assessed (Murray, 2009, p. 493). This distinction is also regularly used to distinguish between acceptable and unacceptable forms of genetic modification. But what, if anything, is actually wrong with enhancement? 

Healthcare professionals might argue that there is no medical need for it. This is however no reason to ban enhancement. Lots of things, including medical proceedings are undertaken without any medical need. The application of Botox, the whitening of teeth or use of braces for cosmetic purposes. In fact, we enhance ourselves all the time. Cognitive ability is expanded by the use of caffeine or Ritalin. Prozac, marijuana and alcohol are used to calm one’s nerves, feel more relaxed and possibly expand one’s ability to socialize. Some might argue that genetic enhancements are of a different character due to their permanent nature. But non genetic enhancements can be equally permanent like braces or hormone treatments at certain stages of life.   

The opinions on the morality of enhancement do differ widely though. Nicholas Agar, in his book ‘Liberal Eugenics’ argues for the permissibility of enhancement but against the obligation to use it (Agar, 2004). Thomas Murray (2009) adopts a slightly different approach, arguing that the reasoning behind the specific enhancement that one wishes to adopt should factor into the acceptability of the modification. Murray states that, due to the large variety of enhancements that are possible, many of which reach similar results by different means, it seems impossible to adopt one reliable guideline to fit all these situations (Murray, 2009, p. 513). A more radical approach is suggested by Julian Savulescu (2009) in an excellent examination of the topic in which both pro and anti-modification arguments are weighed. In short Savulescu argues that what really matters is human well-being. The prevention of disease is only one way to accomplish this, the biological manipulation of our genes to give people greatest opportunities for their best lives is another. As such enhancement is not only ethically acceptable but is rather an ethical good which can increase general well-being (Savulescu, 2009, p. 532). He continues by asserting that, following the duty to care for children, parents have an obligation to enhance the children if said enhancement improves the well-being of the child. He does name 11 specific requirements which should help in deciding which types of enhancements are acceptable, these points are interesting but go beyond the scope of this paper and are a topic in themselves. In these points however even an enhancement proponent like Savulescu admits that not all enhancement will be beneficial to children and that the risk of diminished autonomy due to the influence of the parents is very much present. He also admits that some enhancements might be undesirable if they give certain individuals an undue advantage over the rest of the population.

The problem with the Savulesculian approach is one of definition. It is not always clear which modifications constitute an enhancement and which a treatment. “A treatment in one cultural or geographic setting, or at one period in history, may be and enhancement in another” (Doxzen & Halpern, 2020, p. 46). Modifications that increase muscle production might be a cure for someone with muscular dystrophy but an enhancement for an athlete. Black skin on the other hand could very well be seen as enhancement for children of white families in certain parts of Australia, Afrika and California due to the inherent risk of a pale complexion in sunny environments. When it comes to enhancements in adults this seems perfectly acceptable, they are well placed to assess their own situation and desires and can make decisions accordingly. Whether an adult chooses to colour his/her skin blue, black or yellow is of no consequence to others, it does not harm them, involve them or put them at a significant disadvantage in any way and should as such be completely acceptable. What is worrisome in their case is the potential for ‘gene buying’ in which the access to better genes becomes subject to one’s economic situation, which in turn might lead to far reaching inequalities. Politically this is a very pertinent issue and one which will be addressed in the following chapter. 

The case of enhancement of children is more complicated, however. It is precisely the heavy emphasis on context dependency which make it hard, if not impossible, to predict whether an enhancement will actually benefit the child. The level of benefit that an enhancement actually delivers is in the case of children necessarily an estimation which has to be made outside of the climate, culture, time and personal context of the future child. This in addition to the problems of autonomy and self-determination as described in the previous sub-chapter, make the enhancement of children inadvisable. This does mean however that the very difficult distinction between enhancement and treatment is one that need to be made and made continuously depending on the context of each specific case. Medical professionals are best place to make such an assessment due to their personal involvement with specific cases, but sufficient distance to come to an objective conclusion. Their strong base in medical practice, literature and science should prove valuable in making this distinction. However, guidelines and standard practices may prove invaluable in these proceedings. This is one of the major points where further study and deliberation across multiple disciplines is sorely needed.

[bookmark: _Toc43837954]2.4 - What type II? - Somatic vs. germline modification
To freshen up the memory, somatic modification is a change in the genetic material that is not heritable, in other words, the change only involves the changed individual and whatever modification has taken place ends when this individual dies. Germline modification, sometimes called heritable modification, involves a change in genetic material that will be carried over to future generations. The distinction between these two types of genetic modification, alongside the treatment versus enhancement distinction, form the two major lines of discussion when it comes to the ethical debate around CRISPR. The distinction is not perfect though, genetic modification at certain stages of development, especially during pregnancy, can cause a mixture of somatic and germline changes (NAS, 2017).

Because the discussion about genetic modification as a whole is still dominated by voices from the medical world, the germline discussion too is often framed along medical lines. Germline modification is however not by definition a medical matter. It does not save lives, doesn’t treat illnesses or patients, for the people on which germline modification would have any effects do not exist yet. Perspectives of genetic modification from a medical perspective therefore often argue against germline modification on the grounds that there is no medical need for it. As Darnovsky & Hasson put it; somatic applications treat patients, germline editing alters embryos (Darnovsky & Hasson, 2020, p. 158). But the fact that there is no medical need for germline modification does not automatically mean that it should therefore be banned. There are hosts of changes that can be made to our bodies that have no medical need but are not so much as frowned upon. Cosmetic surgery is the most well-known example of this. If a case against germline modification is to be made therefore it has to be shown what is the inherent wrong of germline modification, that would legitimize a ban. 

The first and most obvious concern is that of unforeseen consequences. CRISPR allows us to modify DNA in ways that simply weren’t possible before. Arguments that state that we have modified the germline of cattle, dogs and chickens for centuries and this is therefore known territory are oversimplified. They are tantamount to arguing that we’ve had explosives since the 14th century so why should we worry about these new nuclear bombs? The truth is that the kind of genetic modification in which we can now engager ourselves is so many multitudes more potent than the method of selective breeding that we should truly consider this to be unknow territory. This should be enough to be at least careful with such a technology, especially because the sheer permanence of germline modification means that potential mistakes can have knock-on effects for a very long time. 

A secondary problem related to the permanence of germline modification relates to what we consider to be desirable and undesirable traits or how we define disease. Advocates of germline editing should consider the following scenario. Let’s suppose we had the ability to time travel, and we could give Victorian England the ability to make heritable genetic modifications. This is the same England where homosexuality was still considered as a disease, the same England where racist, sexist and other xenophobe ideas reigned supreme. Where mental hospitals were flooded with patients who were diagnosed with diseases based on little or no evidence. How comfortable are we with the idea that this generation would be given substance power over our genetic material? Probably not so much. As described before, what societies consider to be desirable and undesirable is subject to considerable amounts of flux. Germline modification ensures that these generational points of view will be encoded in DNA and as such enforced upon future generations. This entails a greater physical and mental impact on further generations then any generation should have the right nor desire to possess. A pro modification argument on the basis that we should have the freedom to decide our own path should respect the same right in future generations. 

Each generation should bear its own responsibility to determine what is and is not considered ethically desirable. As such we bear the burdens of judgment for our own particular situation and context but should accept that future generations might discover new evidence or choose to attribute more or less weight on certain arguments. According to Rawls reasonable people will have to accept that: (a) scientific and empirical evidence is often complex and conflicting; (b) there can be reasonable disagreement about the relative weight of different considerations; (c) concepts are often blurry and borderline cases exist; (d) the way evidence is processed can be shaped by one’s life experiences; (e) varying normative considerations on multiple sides make overall assessment difficult; and (f) social institutions are limited in their capability to incorporate differing values (Rawls, 1996, pp. 56-57). Rawls, therefore, states that even reasonable people will remain divided over issues of religion, philosophy and the conception of the good life (Quong, 2017). Future generations might come to different conclusion or goals then us. The inheritance of our normative choices and ideas, encoded in the genetic material of generations are as likely to be a hindrance as a help. In the absence of medical need there seems to be no legitimate reasons to burden future generations with our current ideals. 

As stated before however, the distinction between somatic and heritable modifications may not always be clear. Modifications that are born out of medical necessity may only be possible in heritable form. In such cases careful deliberation is needed. It could very well prove legitimate to favour the health of the current individual above the normative ideals of the future. The Second International Summit on Human Gene Editing in November 2018 described this line of reasoning well in stating that: germline gene-editing has to target “a compelling medical need” for which there are no “reasonable alternatives” (Johnston, 2020, p. 147). Like the enhancement debate, these choices are difficult and may be helped by proper guidelines. 
[bookmark: _Toc43837955]Chapter 3 – A political view of Human Genetic modification
[bookmark: _Toc43837956]3.1 - Inequality 
One way to conceptualize our new and future capabilities in the realm of CRISPR is as an increase in freedom. There are a multitude of ways in which CRISPR enlarges our current freedoms, by increasing our capabilities and thus our potential for action. It already has and will probably continue to create these new freedoms. From a medical point of view the overwhelming majority of these freedoms are good news. We therefore have substantial reasons to be optimistic about the developments in the world of genetic modification. From a political point of view however, we learn that freedom and equality aren’t usually good bedfellows. This could be especially true of genetic modification. Our increased freedom, here understood as an enlargement of our capabilities, can increase inequality in a multitude of ways. 

The first and most obvious way in which genetic modification can lead to increased inequality is along monetary lines. If the quality of one’s genes becomes something that can be bought, we can expect those with greater spending power to be able to buy better genes. When we envision genetic modification as a tool, then ones spending power resembles the amount of leverage exercised on this tool, greater leverage results in greater benefit. This may be said to be the case with almost all new inventions. Cars were invented, and the more money one has the better car that can be bought, and the more benefit might be had. There is a fear within the contemporary discussion about genetic modification that richer individuals may use their wealth to buy better genes, these genes in turn could then be used for economic gain. The most commonly used example is that of a wealthy individual that attempts to increase his/her intellect through genetic modifications. For now, it seems doubtful whether such a modification would be possible. Other, more simplistic, types of modification seem much more likely however, and as such there is legitimate cause for concern.     

As discussed before in the sub-chapter on eugenics however, it is far from clear which type of traits and especially which combination of traits will lead to success in any particular endeavour. Which traits should I choose for myself If I seek to become more successful as a lawyer, or a doctor, a stockbroker or a scholar? There are off course careers or activities which may be helped by the ownership of certain traits. An increased ability to repair and build muscle may prove helpful in almost any athletic environment. But in most careers it is not so obvious which traits lead to success and which do not. Ironically it may not be the actual, but the perceived effects of luxury genes which yield the most benefits. The mere knowledge that a certain individual is ‘enhanced’ or had undergone treatment to improve his mental capabilities could lead others to treat said individual differently. The perception of enhancement may lead to a placebo-like effect, in which others overestimate the ‘enhanced’ individual, regardless of the actual effectiveness of the luxury genes itself. This in turn could lead to increased chances on the job market or an overestimation of the value of that individual for a particular organization. The problem is that even if the procurement of luxury traits does not directly increase one’s ability or earning potential, it may still have these effects indirectly. These indirect effects will prove increasingly hard to mitigate but can hardly be blamed on the modified individual himself for he/she cannot be blamed for the behaviour of others. 

In this way genetic modification somewhat resembles general education. Most people would agree that education generally reduces inequality by providing everybody with a somewhat similar starting position. The higher one goes on the educationary spectrum however, the smaller this negative effect on inequality becomes. At the very top, where the influence of one’s monetary power is the greatest, education even starts to have a positive effect on inequality. A New York Times examination of Ivy League schools discovered that, the average income of parents from schools like Harvard is $168.800 a year, which puts them in the 79th percentile on the income scale. (The New York Times , 2017) Yale, Dartmouth, Penn and Princeton are even more expensive. The fact is, that we already know this. We know that new technologies or institutions yield benefits to the population, but that not everybody benefits equally from the new opportunities that have arisen. This is the case with general education, with healthcare or just with access to political power and representation in general. This does not mean however that we should end all education, forbid general healthcare and abolish democracy. Narrowminded retreatism is not the solution to any of these problems but rather betrays an unwillingness to face the problem itself. The real challenge here is: to maximize the ability of this new technology to increase well-being and reduce the inequality that we already have, while minimizing its potential to create new inequalities and prevent undue violation of fundamental rights and liberties. 

Before elaborating on the difficulty of this challenge, it is important to realize the ability of genetic modification to actually reduce inequality. What we should not forget is that genetically, we already live in a world of vast inequality. Whether it be 20/10 eyesight, the absence of allergies or just the brute luck not to be born with a condition that worsens ones’ quality or quantity of life. The fortunes and misfortunes of the genetic distribution are very unequal as is. With every new disease or condition, we can prevent or cure, from sickle cell anaemia to cat allergies, we reduce the genetic inequality that is currently inherent to human life. A complete ban on genetic modification would constitute a failure to address this existing inequality. A complete carte blanche could create completely new forms of inequality. What we need is the incorporation of these new abilities within a system that allows us to reduce exiting genetic inequality while minimizing the creation of new inequality. 

A proposal for one possible design is outlaid here. Note that this design is not meant as a concrete policy but is rather a rough outline of one. This proposal anticipates our future capabilities when it comes to genetic modification and may as such be less applicable to our current situation. Its primary function is as an example of how one might go about tackling the inequality problem within the framework of this paper. Inherent in this approach are some of the core positions this paper itself adopts when it comes to genetic modification itself. These positions are: 1). There is no ban on genetic modification, 2). Modification of (unborn)children is allowed if there is medical need, 3). Germline modification is prohibited unless there is medical need and no alternative, 4). Enhancement may be permissible in adults depending upon the context of the case.









A three-tier system
In this policy all permissible forms of genetic modification are divided up into three tiers. Each tier consists of a list of genetic modifications including the genes that are targeted and the intended effect of each modification. 

Tier one
This tier includes modifications that are meant to prevent, cure or minimize conditions and diseases which constitute significant danger to the health and well-being of the subject. Examples of such conditions are: Multiple sclerosis, Sickle cell anaemia or Huntington’s disease. Tier one’s primary function is comparable to that of a vaccine, it is the prevention of dangerous diseases or conditions. The target audience for this genetic vaccine is primarily (unborn)children, but when medically possible adults as well. The genetic modifications in tier one would be included under the coverage of general health care, as to make it freely available to all. This is first of all because it is clearly the moral thing to do. Modifications in tier one fall under medical need and should as such be provided under the general system of healthcare. By providing these modifications under general healthcare the open access can be assured and inequality in genetic health can be minimized. Tier one is not mandatory, and like vaccines parents have the responsibility and authority over their own children when it comes to the usage of tier one. 

Tier two
Genetic modifications in tier two consist out of modifications and enhancements for which there is no pressing medical need, but who do not grant the owner of these traits any significant advantage over his fellow citizens. For example, you may improve your eyesight to maximize your vison, but said improvement may not exceed the boundaries of normal human capabilities, so night vison or eagle eyes are not included in tier two. Modifications that turn your skin blue are permissible because having blue skin is not exactly a capability. Finally, modifications that mitigate minor disabilities or annoyances not serious enough for tier one may also be included in tier two. Examples of this are: minor allergies like cat allergy or hay fever, colour blindness or acne.    Modifications in tier two are ‘generally permissible’. Which means that any adult citizen is allowed to have or get any of the modifications in this tier, no permit or approval is required. Tier two does not fall under general healthcare however, which means that in most instances’ subjects will have to pay for these modifications themselves. 

Tier three
This tier consists of modifications which significantly improve the capabilities of the subject, either by enlarging existing capabilities or creating new ones. Night vison, increased muscle production, strengthened bones or increased reflexes are examples of these types of modifications. Modifications in tier three are permissible but not generally available to all. The acquirement of tier three modifications requires an application, which might be granted after and inquiry. Tier three modifications are powerful and can grant the owners significant advantages over others depending on the way these acquired traits are used. However, these traits do not produce inequality by necessity, as stated before, depending on the context of the subject some of these traits may mitigate inequalities that already exist or serve a purpose beneficial to all. Night shift nurses might be helped significantly by a specific modification found in a small part of the population, which reduces the need to for sleep to about 4 hours a day. (Adam Bolt, 2019) If these hours are used to increase the time spend with family and friends, no harm is done and the modification can be allowed. If the modification is used to increase work hours and as such gain an advantage over non-modified night-shift workers, then the modification increases inequality and might therefore not be granted. The permission to acquire tier three traits should be dependent upon context. Whether one prefers that the granting of tier three traits be done liberally or conservatively depends entirely upon one’s own political preferences. 

The more liberal the granting of tier three traits will be the larger the potential for genetic inequalities between the rich and poor sections of the population. Restrictive or conservative regulations however constrain personal liberty and freedom of choice and should have good reasons for doing so. As with most discussion that come down to a compromise between liberty and equality, no proposal or solution will satisfy all. Depending on the specific circumstances in a country or time period the balance between the two might have to be adjusted. Providing all policy makers regardless of time, place or population a similar advice is not only counterproductive, but also unwise. Determining the right balance between self-determination and equality in any specific context is one of the main tasks that discussion on the future of genetic modification will have to address. Papers or discussions that analyse the subject outside a specific context, like this paper does, should be reticent to draw specific and practical conclusions. What this proposal presents therefore is not one any specific policy, but rather a framework from which such a policy might be created. 

The most obvious weakness of this system, and the approach proposed in this paper overall, is the assumption that one has to make in order to make this approach work. This approach assumes that, a reasonable and relatively objective assessment of medical need, or harms and benefits in general, can be made with regards to genetic modification. If children can only be modified though medical need then such need needs to be established through investigation. The same goes for the separation of modifications in the three tiers. The entire approach necessitates analysis and assessment which should strive to be generally acceptable. This assumption is defensible for if one chooses to adopt any policy regarding genetic modification at all, bar a carte blanche, such an assessment would have to be made. Furthermore, we must realise that we already find ourselves within a system that makes such assessment on a continuous loop. From the amputation of a child’s leg to the compensation for eye treatment. The medical world is already one which is fraught with these decisions, this does not off course immediately validate the assumption that this might work for genetic modification as well. It does however provide a certain level of confidence that these waters are not entirely unknown to us. 

Another problem is that by involving the government, or any authoritative organisation for that matter, the system becomes less liberal. Liberal eugenics lays heavy emphasis on value pluralism and the personal choice. While this system does allow a great deal of freedom and room for personal preference, it only does so within the perimeters that are set up beforehand. As such the freedom of choice is restricted. These restrictions upon the freedom of choice of the individual can be justified if they function to ensure the freedom of choice of all. The inclusion of the state does mean however that extra vigilance is required to ensure the protection of minorities and those who have preferences which might seem peculiar to others. The restrictions provided by the government may only be based upon the need to ensure the freedom and equality of others, not to prohibit behaviour or choices which are deemed undesirable for other reasons. This is off course a tremendous challenge and a very real risk, such risk however is inherent in all areas where the state is involved, in other words, these factors are already working in our current systems of healthcare. This risk is one of the primary reasons why it is essential that political scholars are included in the deliberations on the future of genetic modification. Not because a political dimension needs to be added, but because it is already there. 

Which brings us to the benefit of the three-tier system, its flexibility. Rather than providing one guideline through which all modifications need to be measured, this system enables a more nuanced approach which recognizes that not all modifications are created equal. A three-tier system also provides adaptability though time, as modifications might be added, removed ore shifted from tier to tier and it is adaptable to either liberal or constrictive policy. 

Some additional notes on inequality
There are some other ways in which the normalization of genetic modification can lead to increases in inequality. These forms are certainly interesting but fall outside the bounds and scope of this paper. They may prove interesting topics for further research and are as such recommended to those who are interested in the relation between inequality and genetic modification. 

1. Inequality between countries – We may reasonably expect that the difference in prosperity and technological advancement between different countries will lead to different levels of access to genetic modifications. This may worsen the already significant gap between the countries who are science-rich and those who are science-poor, especially if both populations have to compete with each other on the global market. A counterpoint to this concern might be that an increase in the quality of the workforce in the first world, is the only way in which those countries may defend themselves against the tremendous quantity and lower wages of the second and third world. 

2. Inequality through age – We do not know yet the complete list of capabilities that CRISPR based genetic modification will bring us. One of the results of CRISPR might very well be an increase in life expectancy. Work is already being undertaken to research and pursue the ways in which genetic modification can be used to prolong our lives (Adam Bolt, 2019). There are essentially two effects, not mutually exclusive, that this work can produce: 1) A general prolongation of life expectancy. This might mean that, due to the increased curability of multiple diseases, and in time maybe even anti-aging therapy, the average life expectancy will approach 95 years or more. Which means that the likelihood of reaching extreme old age will be higher. 2) A longer preservation of general health and fitness. For example, the age of 75 in 2100 might be more equivalent with our understanding of 60. Which in turn can lead to a longer ‘working life’, meaning that the average citizen could work until 75 or even longer. 

The problem here is that income inequality between high-level and low-level incomes increases through time. The economics are simple, if individual A earns €8.000 a year (after taxes) more than individual B, the disparity between their comparative wealth will grow with each year that both work. If we assume a working life of 40 years, this amounts to €320.000. This does not even take into consideration that a carpenter will max out their earning potential relatively early in life, while a manager, lawyer or doctor is relatively likely to increase his/her income through the years. 

Any technology that increases the length of working-health, and with this the duration of a working life, also increases this inequality that continues to build over the years. This effect may even be cumulative, as children from richer parents can expect larger and larger inheritances compared to children whose parents collected less wealth over the duration of their life. Death, and the subsequent inheritance taxation, are meant to equalize this inequality which builds during life. But the longer the period of wealth accumulation, the stronger such as tax has to be. The delay of death results in an increase in economic inequality.

This is necessarily a long-term process but the mechanism though which such inequality might increase is certainly there and as such this should not go unnoticed. Further increases in life-expectancy might necessitate more stringent policies to combat the inequality that these longer lives might produce.  
3. Inequality between generations – If we assume that genetic modification is a technology like all others, that is to say, it is likely to improve in capability and sophistication through time. Then we can anticipate that the range and power of modifications in the next two decades may pale in comparison with what might be possible in 2080. What will happen if a generation with Mark-1 modifications has to compete with a generation that possesses Mark-3 modifications?  The improvements of technology might lead to increases in inter-generational inequality

[bookmark: _Toc43837957]3.2 - Power 
Power is a concept so central in politics that one might even say it is primarily responsible for the creation of politics as a field of study. When it comes to genetic modification there are multiple ways in which power might manifest itself. The power that people can exercise upon each other in genetic modifications, be this by eugenics or heritable modification has been discussed in chapter 2. What remains is a look at the role the government in genetic modification, which lets us consider whether the state should have any power at all when it comes to genetic modification, and if so, what should be its role? 

So, should the state be involved and thus exercise power over the usage of genetic modification? The reality is that state power over genetic modification will be almost impossible to avoid. When it comes to regulation, there are only three options. One, a carte blanche, so no state oversight or regulation. Due to the absence of ‘one’ clear policy or governing actor it might seem that the effect of power is minimized in such a situation. This is not so. A complete lack of restrictions upon genetic modifications means that respectively children, future generations or those with a weaker economic status won’t be properly protected from the power of parents, the current generation or those with a stronger economic status. In addition, a carte blanche implies that the state will not regulate, it does not mean that the state will abstain for using the technology itself. Two, a total ban, in which case power is very obviously involved due to the necessity of a state, to enforce such a ban. Three, a partial ban, the solution proposed in this paper. In which certain types of modification can be banned or restricted to protect others or mitigate the undesirable effects that genetic modification can produce. This approach too involves the usage of state power enforce certain restrictions or decide upon the context of certain cases. 

The main reason to include the state in the general approach of this paper is broader than just the realisation that such involvement is near certain. It is based upon one simple conclusion. While genetic modification in general should be seen as a positive development we should not be blind to the substantial negative effects it can produce. This paper so far has claimed that the primary negatives of genetic modification are a product of the mismanagement and thus wrongful application of the technology. Whether this be the violation of rights, irresponsibility or genetic inequality, all these problems are not a logical product of the technology itself but rather a product of certain ways of employing this technology. As such the negative effects could be minimized through restrictions upon certain practices. This is where the state enters the equation. The position on genetic modification as suggested in this paper may be summarised as follows: Genetic modification is permissible if the decision of said modification originates with the implied individual (some exceptions grated in the case of medical need) and this modification does not involve others or produces significant negative results for others. The role of the state in this instance is to make sure that people ‘stay in their lane’ genetically speaking.  

This is partly why the three-tier system, was proposed at all. It might seem curious for a relatively liberal outlook on modification to propose a system that is essentially dependent upon an organization like the state to function. However, if we accept, that genetic modification is not acceptable in all situations, and abuse of the technology might lead to damage to personal rights or extremes inequality, then we can see how certain restrictions and limitations of this technology are actually vital to ensure such a liberal stance remains possible. Simply put, genetic modification is in this aspect no different from any other policy area. If general freedom and access is to be preserved, personal freedom and access has to be limited in some form. If we can accept that state power may be legitimately applied in the case of genetic modification, we are left with the question how the state should apply said power and prevent over-reach. This is an entire subject in and of itself, but some lessons or suggestions, based upon the information and approach of this paper, might still prove useful. 

1. If at all possible, the choice to modify should originate with the individual in question, or those responsible for him/her in case of limited autonomy. The state or other organisations should not have the power or option to initiate a modification nor request it. The initiative should always remain with the individual. This limits the power that the state, or society in general, can exercise over one individual.  

2. Modification can never be mandatory. The state nor other organisations can ever demand that a person be modified. Modification should additionally, be considered part of someone’s medical record, and as such be confidential and not openly accessible to outside organisations. This partially prevents inequality in the job market through modification or the perceived effects of modification.  

3. Governmental policy considering genetic modification should be integrated into a larger framework (like the one suggested in this paper). Genetic modification as a field is still developing very quickly. A rapidly growing field like this is difficult to govern as new capabilities or developments will come faster than the government’s ability to address all these new developments (Newson & Wrigley, 2016, p. 8). Using a framework within which new policies can be placed might prove useful to prevent a lack of policy or oversight when new capabilities emerge. A general framework ensures clarity and consistency.  

4. Governmental policy should be based upon contemporary scientific findings. This requires the use or creation of advisory bodies comprised of a range of different experts. Such a body should minimally include: Geneticist, Medical professionals, Philosophers, Psychologists, Political scientists, Bioethicist’s and Legal scholars. 

5. The assessment of medical need is one of the primary areas of concern when it comes to undue influences of power. The state is non-ideally placed to make assessments of medical need due to the heavy dependency of contextual information considering each specific subject. Positioning the state as the determinant party to decide upon medical need increases the possibility and probability that this power is used to prevent or ban modifications that might run counter to conventional taste, but do not involve or consider others beside the individual in question. Policy should as such mainly provide guidelines which can be interpreted depending on context by the medical professional which presides over the specific subject. Medical professionals are best placed to decide upon the question of medical need due to their contextual knowledge of the patient and limited interest in normative judgements considering the choices of the subject. Medical need in each specific case should as such be primarily determined by medical professionals. 

The central aim of all these suggestions is to provide some boundaries to state power when it comes to the regulatory of genetic modification. They are not exhaustive, nor are they meant to be. A more complete guide and policy framework should be the product of more than just one scholar or field of study. What is needed therefore is an interdisciplinary examination of what a governmental approach to contemporary genetic modifications could look like. This paper strongly suggest that such an examination should be the product of a diversified group of experts as stated in point 4. This specific paper primarily seeks to be a rallying call that promotes the establishment of such a group. It is only secondly intended to serve as an example and guide to how the problem of contemporary genetic modification could be tackled. To consider the conclusions or advise of this paper as absolute runs contrary to the primary purpose of the paper itself. After all, this paper is predominantly the product of just one writer and one field of study. 











[bookmark: _Toc43837958]Chapter 4 – Conclusion
The revolution in our genetic capabilities caused by the invention of CRISPR stands to fundamentally change the way we interface with our biological reality. By increasing our ability to modify genetic material, CRISPR, has transformed something that used to be a given into a choice, and where there is choice there is responsibility. In this case the responsibility to make informed choices about the new possibilities we are now faced with. One of the choices that has to be made refers to the permissibility of genetic modification. The question of the permissibility of these new capabilities is raised in the research question of this paper: To what extent, and on what normative basis, is it permissible to forbid human genome editing?

The negative formulation of the research question is central to the main line of argumentation of this paper. When new capabilities or technologies are created, these capabilities should be thought of as permissible until reasoned otherwise. This means that capabilities can be forbidden but only on the basis of argumentation. This paper has analysed the most central arguments and positions against genetic modification. By analysing which arguments are legitimate and which are not a basis for certain restrictions can be formed.  

The general point of view this paper adopts is that genetic modification should be generally permissible if the approach to modifications is individualistic in nature. Individuals are the owners of their own biological bodies, neither the state, nor society nor one’s family owns the body of the individual. None of these external parties are thus ideally placed to place judgement upon a body that is not theirs. The choice to make use of genetic modification should be a product of the will of the owner of the body that is to be modified, assuming this choice does not significantly impact the lives of others. This individualistic approach protects rights like self-ownership and personal freedom of choice but also prevents the abuse of genetic modification by the state or society. 

The individualistic approach to genetic modification also provides answers to the question of permissibility and can as such help answer the main research question. Genetic modification can legitimately be forbidden, restricted or otherwise limited if said modification constitutes a significant and undue influence over the lives of others. The two main ways in which such influence might manifest itself are identified as follows.

Firstly, if the modifications in question are not a product of the will of the modified individual in question. Imposed modifications can damage the freedom of choice of the afflicted individual and may constitute a breach of that individuals right of self-possession. To protect these rights, we must be reluctant in any attempt to modify individuals other than ourselves. This means that the decision to use genetic modification has to originate within the person itself. This decision process has to be free of external demands or the prospect of external reward. Neither the state nor other organisation may demand modification or make certain modifications a factor in the inclusion or exclusion of individuals. Children cannot decide for themselves upon the topic of genetic modification and should not be modified outside of medical need. Heritable modifications should be forbidden as well. These types of modification constitute significant and undue influence over the lives of others. However, these concerns cannot lead to a complete ban on the modification of others due to complex situations like the child-parent relationship in which the treatment and prevention of disease in children may take precedent over concerns of personal choice. Medical professionals are best placed to determine whether or not medical need and limited agency are present due to their limited political and personal interest in the subject.

Secondly, to prevent any modification, or genetic policy, from creating significant increases in inequality, either by creating large disparities in access to advanced healthcare or by selectively increasing the abilities and possibilities of some as opposed to others. There is reason to suspect that genetic modification will create new forms of inequality. This effect may increase in potency depending on the level of wealth inequality within a certain society. The creation of new inequalities can be obstructed by successful policy and governmental oversight. The prevention of radical genetic inequality may therefore also be a reason to forbid certain practices of genetic modification.  
Lastly, the answers that this paper provides are often not absolute and even more frequently depend upon a great deal of definitions and context. The difficulty in discussing topics like genetic modification is that the answers one arrives at are heavily dependent upon ones positioning in space and time, as well as one’s educational background and personality traits. The goal of this paper has not been to provide answers which might end this discussion, rather it seeks to expand upon it. Within this discussion many different points of view may be raised of which this paper is only one. The topic of genetic modification is as broad and all-encompassing as one can possibly imagine for its scale is not restricted by the present but also reflects upon our past and eagerly anticipates our future. These are more diverse and more significant then any one field of study can hope to answer singlehandedly. Dealing with these questions, requires the cooperation of many voices from many fields of study. Political science, has to be one of these voices. 














Bibliography
Adam Bolt, R. S. (Writer), & Bolt, A. (Director). (2019). Human Nature [Motion Picture].
Agar, N. (2004). Liberal Eugenics: In Defence of Human Enhancement. Oxford: Blackwell.
Bruening G, L. J. (2000, july 01). The case of the FLAVR SAVR tomato. California Agriculture(54), pp. 6-7.
Buchanan, A. (2009). Human Nature and Enhancement. Bioethics(3), 141-150.
Cavaliere, G. (2019). The Ethics of Human Genome Editing. London: WHO Expert Advisory Committee on Developing Global Standards for Governance and Oversight of Human Genome Editing.
Chan, S. (2020). Playing it Safe? Precaution, Risk, and Responsibility in Human Genome Editing. Perspectives in Biology and Medicine, 63(1), 111-125.
Church, G. (2018, april 21). What is CRISPR? (A. Vidyasagar, Producer) Retrieved from livescience.com: https://www.livescience.com/58790-crispr-explained.html
Darnovsky, M., & Hasson, K. (2020). CRISPR's Twisted Tales: Clarifying Misconceptions about Heritable Genome Editing. Perspectives in Biology and Medicine, 155-176.
Doudna, J. (2017, november 04). Jennifer Doudna: CRISPR Basics. Retrieved from youtube.com: https://www.youtube.com/watch?v=47pkFey3CZ0
Doudna, J. (2019, Oktober 26). CRISPR in Context: The New World of Human Genetic Engineering. Retrieved April 2020, from youtube.com: https://www.youtube.com/watch?v=RNRZchHaKgw&t=742s
Doxzen, K., & Halpern, J. (2020). Focusing on Human Rights: a framework for CRISPR germline genome editing ethics and regulation. Perspectives in Biology and Medicine, 63(1), 44-53.
Dworkin, R. (2000). Sovereign Virtue. Cambridge: Harvard University Press.
Encyclopedia Britannica . (2018, October 12). Bacteriophage. Retrieved from www.britannica.com: https://www.britannica.com/science/bacteriophage
Encyclopedia Britannica. (2019, December 19). Genetic Engineering. Retrieved from britannica.com: https://www.britannica.com/science/genetic-engineering
Garland-Thomson, R. (2020). How we got to CRISPR: The Dilemma of Being Human. Perspectives in Biology and Medicine, 28-43.
Genome Research Limited. (2016, Oktober 28). Unraveling the double helix. Retrieved from yourgenome.org: https://www.yourgenome.org/stories/unravelling-the-double-helix
Goering, S. (2014, Juli 2). Eugenics. Retrieved from Stanford Encyclopedia of Philosophy: https://plato.stanford.edu/entries/eugenics/
Habermans, J. (2003). The Future of Human Nature. Cambridge: Uk Polity Press .
Hall, E. (2019, Juli 27). London Real - Eddie Hall. (B. Rose, Interviewer)
Harman, E. (2009). Harming as causing harm. In M. Roberts, & D. Wasserman, Harming Future Persons (pp. 137-154). Dordrecht: Springer.
Harris, J. (2016). Pro and Con: Should Gene Editing Be Performed on Human Embryos? Retrieved from nationalgeographic.com: https://www.nationalgeographic.com/magazine/2016/08/human-gene-editing-pro-con-opinions/
Harvard Gazette. (2000, Febuary 10). Why Onions Have More DNA Than You Do. Harvard Gazette.
Hokusai, K. (1830). The Great Wave off Kanagawa. Retrieved June 15, 2020, from commons.wikimedia.org: https://commons.wikimedia.org/wiki/File:The_Great_Wave_off_Kanagawa.jpg
Hurlbut, J. B. (2020). Imperatives of Governance: Human Genome Editing and the Problem of Progress. Perspectives in Biology and Medicine, 177-194.
Jansanoff, S. (2019). Can Science Make Sense of Life? Cambridge: Cambridge: Polity Press.
Johnston, J. (2020). Shaping the CRISPR Gene-Editing Debate: Questions About Enhancement and Germline Modification. Perspectives in Biology and Medicine, pp. 141-154.
Kahn, J. (2016, February). Gene editing can now change an entire species -- forever. Retrieved April 2020, from www.youtube.com: https://www.youtube.com/watch?v=OI_OhvOumT0&t=191s
Kamm, F. (2005). The problem with enhancement. American Journal of Bioethics, 5-14.
Kmiec, E. (2019, april 24). The gene editing revolution. Retrieved from youtube.com: https://www.youtube.com/watch?v=FoYdgAI7x2Y&t=5155s
Lander, E. S. (2016, Januari 14). The Heroes of CRISPR. Cell.
Ledford, H. (2017, januari 19). CRISPR's Mysteries. Nature, 541, 280-282.
Lewis, R. (2017). Human Genetics the Basics. New York: Routledge .
Lippert-Rasmussen, K. (2018, March 28). Justice and Bad Luck. Retrieved from Stanford Encyclopedia of Philosophy: plato.stanford.edu
Lutz, M. (2018, May 30). Moral Naturalism. Retrieved from Plato.stanford.edu: https://plato.stanford.edu/entries/naturalism-moral/#ObjeNatu
Murray, T. H. (2009). Enhancement. In B. Steinbock, The Oxford Handbook of Bioethics. Oxford: Oxford University Press.
NAS. (2017). Human Genome Editing: Science, Ethics, and Governance. National Academies of Sciences, Engineering, Medicine. Washington: National Academies Press.
Newson, A., & Wrigley, A. (2016, Jan-Mar). The Ethics, Law, and Scientific Progress of Genome Editing. Australian Quarterly, 3-8. Retrieved from https://www.jstor.org/stable/24877806
O'Neill, H. C. (2020). Clinical Germline Genome Editing: When will good be good enough. Perspectives in Biology and Medicine, 63(1), pp. 101-110.
Palmer, C. (2012). Does breeding a bulldog harm it? Breeding, ethics and harm to animals. In U. F. Welfare, Animal Welfare (pp. 157-166).
Paul Ratner. (2019, 21 July). Read a Harvard geneticist's plan for redesigning humans . Retrieved from bigthink.com: https://bigthink.com/surprising-science/harvard-geneticist-plan-for-redesigning-humans
Pierce, B. (2013). Eukaryotic Genome Complexity. Retrieved January 2020, from nature.com: https://www.nature.com/scitable/topicpage/eukaryotic-genome-complexity-437/#
Powell, R., & Buchanan, A. (2011). Breaking Evolutions Chains: The prospect of deliberate Genetic Modification in Humans. J Med Philos, 36, pp. 6-27.
President's Council on Bioethics. (2003). Beyond Therapy: Biotechnology and the Pursuit of Happiness. Washington: President's Council.
Quong, J. (2017, Oktober 24). Public Reason. Retrieved from plato.standord.edu: https://plato.stanford.edu/entries/public-reason/
Rawls, J. (1996). Political Liberalism . New York: Columbia University Press.
Royal Society. (2016, May). What is genetic modification (GM) of crops and how is it done? Retrieved from Royalsociety.org: https://royalsociety.org/topics-policy/projects/gm-plants/what-is-gm-and-how-is-it-done/
Sandel, M. (2007, May 7). Harvard Prof. Michael Sandel on Human Genetic Modification, Berkeley, CA, 7 May 2007. Retrieved from youtube.com: https://www.youtube.com/watch?v=1Wu5L6M--eo
Savulescu, J. (2009). Genetical Interventions and The Ethics of Enhancement of Human Beings. In The Oxford handbook of bioethics (pp. 516-536). Oxford: Oxford university press.
Sinnott-Armstrong, W. (2019, June 3). Consequentialism. Retrieved from plato.stanford.edu: https://plato.stanford.edu/entries/consequentialism/
Swartz, M. (2018). Target, delete, repair. Stanford Medicine(Winter).
The New York Times . (2017, Januari 18). Economic diversity and student outcomes. Retrieved from nytimes.com: https://www.nytimes.com/interactive/projects/college-mobility/harvard-university
Torella, D. (2019, August 6). Zebrafish as a Smart Model to Understand Regeneration After Heart Injury: How Fish Could Help Humans. Retrieved from frontiersin.org: https://www.frontiersin.org/articles/10.3389/fcvm.2019.00107/full
Werner, E. (2019). The Coming CRISPR Wars: Or why genome editing can be more dangerous then nuclear weapons. Oxford: Oxford Advanced Research Foundation.
West, R. M., & Gronvall, G. K. (2020). CRISPR Caustions: Biosecurity Implications of Gene Editing. Perspectives in Biology and Medicine, 63(1), 73-92.
Yamada, A. K. (2012). Myostatin: genetic variants, therapy and gene doping. Brazilian Journal of Pharmaceutical Sciences, 48(3).



4

image2.png
‘\\SG'N/
Liorren

QO

MINe ?Q'

Radboud Universiteit




image3.png
base pair

hydrogen bonds

I Adenine (A)
I Thymine (T)
I Cytosine (C)
 Guanine (G)




image4.jpeg
A the simplestlevel, chromatin 20m
s a double-stranded helical ONA double helix
structure of DNA.

gmw"'wwwmhmw ly

Each nucleosome consists of
eight histone proteins around
which the DNA wraps 1.65 times.

"\\\\\\\\‘“
e,

DNA is complexed with histones
0 form nucleosomes. Nucledsome core of

cighthisone malecules (D
o of a nucieasome s the
el H1 histone.
. that forms loops averaging
500 am in lengih
[l ~ Chromatosome

300 nm

The chromatosomes|
fold up to produce
230-nm fiber.

“The 300-nm fibers are “Tight coiing of the 250-nm
compressed and folded to fiber produces the chromatid
produce a 250-nm-wide fiber. of a chromosome.





image5.tiff
LASTING PROTECTION

About 90% of known archaea and one-third of bacteria have some form of CRISPR-Cas immunity.
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