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Introduction 

The purpose of this handbook is to help integrate students from scientific backgrounds 

into the world of philosophy and ethics. In our experience, undergraduate scientists are 

generally underexposed to serious, contemporary ethical thought and, as a result, 

although everyone agrees ethics is profoundly intertwined with scientific progress, it is 

frequently forgotten or treated as an afterthought. 

Synthetic biology is an emerging field of research that combines science and engineering 

with the goal of designing and constructing new biological parts, devices, and systems. 

This exciting new field poses unique and fascinating ethical questions. Many students 

will be surprised to hear that while synthetic biology is a relatively new field, 

philosophers have been discussing ethical questions related to this field for thousands of 

years! “Do certain ends justify any means?” “What is the price of safety and regulation?” 

“Should scientific progress achieved using unethical means be accepted?” “Do we have a 

right to engineer nature, sometimes irreversibly?” These questions have occupied some of 

the greatest thinkers the world has known, from Heraclitus, who lived in the 5
th

 century 

B.C, until the contemporary philosophers of our own time. 

Obviously a work of this modest scope can never replace the necessary in-depth study 

required to achieve an adequate understanding of ethics. It is our hope that this pamphlet 

may serve as a starting point for those scientists who are less familiar with philosophy. 

As with many developed fields, philosophy and ethics have their own terminology that 

often makes it difficult for the uninitiated to fully understand and discuss. In this 

handbook we attempt to elucidate many of these terms to allow the reader to achieve a 

basic level of philosophical literacy, so that he/she may continue his/her ethical education 

independently. 
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Introduction for iGEMmers 

The iGEM competition is a unique opportunity for students from all over the world to 

experience synthetic biology first hand. Within this framework, students, many of whom 

are not even 20 years of age, are allowed to experiment with some of the most powerful 

and dangerous genetic engineering tools. The iGEM Foundation has done an outstanding 

job of insuring safe usage and promoting conscientious science. Even so, in 2016, a team 

of undergraduate students from Minnesota designed a “gene drive
1
” as part of their 

project, drawing global criticism and prompting a revision of iGEM safety guidelines. 

The synthetic biology toolkit is growing so fast that regulations and ethical conclusions 

frequently lag behind.  It is for this reason that it is particularly crucial that all scientists 

working in the field of synthetic biology, and more specifically within iGEM, be very 

aware of the ethical and philosophical ramifications related to their work. The current 

lacuna regarding clearly defined ethical practice demands that each scientist regulate 

him/herself to a great degree. 

We hope that this handbook will serve as a first step for iGEMmers into the world of 

ethics. As the scientists of tomorrow, in a field that has the potential to save humanity but 

also the capability of destroying it, we cannot afford to remain complacent and under-

uneducated in ethics. 

  

                                                           
1
 A gene drive is a new and very dangerous method in synthetic biology wherein genetic variation in sexually 

reproductive organisms is overwritten and a single gene (of the scientists choice) will be passed on from 
generation to generation, ultimately eradicating the wild type gene in a very short time frame (This has been 
suggested as an effective way to curb malaria by creating a gene drive for an immunity gene in mosquitos) 

4



 
 

 

What Is Ethics? 

Ethics, in its simplest form, is the study of what is right and what is wrong with regard to 

human behavior. In the world of ethics, one can find many subdivisions that serve to 

isolate specific areas of human conduct. “Political Ethics,” “Business Ethics,” “Social 

Ethics,” “Medical Ethics,” and more. These divisions are, of course, very practical, but it 

seems obvious that, since we are dealing with “Right and Wrong,” there should be 

principles that permeate all subsections of ethical discussion.  Indeed, we will discuss 

these overarching principles in the next chapters, but for now let us discuss the subfield 

of ethics that concerns us. 

Bioethics is the study of ethical issues stemming from biological or medical progress. 

This field has “exploded” in recent years due to the exponential growth seen in biological 

and medical technology. Each new development makes once purely theoretical questions 

immediately pressing. What is best for society ultimately hangs in the balance when 

Bioethics is discussed. For example let us examine the seemingly simple question of 

Embryonic Stem (ES) Cell research. ES cells are pluripotent, meaning they can 

differentiate into any kind of cell
2
. Due to this property, ES cells have tremendous 

therapeutic potential and one day may be used to cure ailments ranging from 

degenerative diseases to physical trauma and spinal injuries. It is easy to understand why 

the scientific community would be anxious to use these cells for research and attempt to 

develop lifesaving treatments with them. In order to obtain ES cells, human embryos 

(approximately 5 days after fertilization) must be harvested in a process that results in 

their destruction. There are many difficult issues to contend with: At what point does an 

embryo/fetus have rights? Does the goal of saving human lives justify the destruction of 

human embryos? What defines human life?  All these questions and more must be 

answered before we can conclude whether ES cell research is “ethical” or not. 

                                                           
2
 In contrast to regular cells, such as epithelial  cells, which cannot under normal circumstances 

become/differentiate into anything other than epithelial cells 
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Ultimately, it is impossible for everyone to agree upon the same answers to all these 

questions. This leads to controversies and disagreements in society, as all parties want 

what is best for everyone. These controversies are simultaneously the most enlightening 

and most frustrating part of philosophy, as they allow for legitimate and concurrent 

existence of opposite views on the same matter. This may explain why the study of 

philosophy is challenging to so many scientists, as they are trained to seek objective facts 

and focus on quantifiable phenomena. 
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Emotivism 

Emotivism, often referred to colloquially as the “Hoorah/Boo” theory, is the 

philosophical opinion that the “goodness” or “badness” of actions is defined only by the 

feelings of the person committing the action. Thus, emotions and feelings are the 

deciding factor in this ethical approach. 

Alfred Jules Ayer (1910-1989) declared in his book Emotive Theory that morality is 

purely subjective, meaning there is no true right or wrong, only personal or subjective 

feelings regarding actions, and has no rational basis. 

Charles Leslie Stevenson (1908-1979) disagreed with this analysis of the emotive theory. 

He claimed that while the feelings and emotions of humans are obviously subjective, this, 

in and of itself, does not preclude “objective” morality. Since we can find rational 

foundations for many of our feelings and emotions, our morality does have an objective 

foundation. 

Critics of this theory claim that it completely erodes our societal sense of justice. If 

feelings are satisfactory criteria for morality, then the murderer can claim his act was 

“good” since it felt right. 

In society, many ethical claims will stem from the emotive theory. Proponents of these 

claims will use emotional pleas to convince their listeners. For example, the unequal 

distribution of wealth in society is often regarded as immoral. It inherently feels “wrong” 

or unfair to many people that a rich person should live an extravagant and opulent 

lifestyle while his/her workers struggle to feed their families. This is not to say that 

rational and objective reasons do not exist to justify or contradict this opinion, but, rather, 

that the emotional appeal speaks to a larger audience and is often more convincing. 
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Moral Positivism 

Moral Positivism is the theory that morality is defined only by external factors and has no 

intrinsic properties. This means that, much like in the emotive theory, actions are neither 

“good” nor “bad” inherently, but, rather, are defined by certain external elements. 

A classic formulation of Moral Positivism can be found in social contract theory. 

According to social contract theory, in order to live in peace and insure the safety of 

everyone, individuals within society relinquish their right to decide what is right and what 

is wrong. Instead, public authorities are appointed to determine which actions are moral 

and therefore permitted, and which are not and consequently forbidden. In this theory the 

very fact that the public authority has prescribed a specific action makes that action 

“good.” Alternately, if a specific action is forbidden it becomes “bad” as a direct result. 

Another example can be found in religious moral positivism, wherein the commandment 

of God defines an action as “good” or “bad.” This classification is a result of the 

commandment itself and, as such, if God commands Abraham to sacrifice his son, then 

Abraham offering up his son as a human sacrifice is a “good” action. 

Critics of this theory point out that, while internally consistent, this theory of ethics is 

blatantly unintuitive. Can one really imagine a world in which the murder of innocents is 

ethically “good” because a government sanctions it? It is difficult to accept that there 

exist no intrinsically “bad” actions when we find ourselves innately “knowing” certain 

things to be “evil.” 

Moral positivists will claim that these feelings are either a result of social conditioning or 

wholly irrelevant in the sense that they do not in reality affect whether or not an action is 

“good” or “bad.” 
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Intuitionism 

Intuitionism is an ethical theory that claims the “goodness” or “badness” of an action is 

recognized by all normal, well-adjusted human beings. Accordingly, humans have the 

innate capacity to discern between moral and immoral acts, despite lacking objective 

reasoning as to why a specific action is recognized as bad. This theory is not to be 

confused with the Emotive ethical theory. While both theories rely on the feelings or 

intuitions of man to define what is moral, intuitionism does not accept the subjective 

nature of ethics that is foundational in the Emotive Theory. The intuitionist believes in 

objective morals that should be intuitive and agreed upon by all. 

George Edward Moore (1873-1958) in his well-known book Principia Ethica went as far 

as to say that “good” is impossible to define analytically. Contrary to other ethical 

theories, this does not mean that there is no objective “good.” Quite the opposite, Moore 

claims that the only objective “good” is that which stems from intuition. 

This ethical theory is very appealing both because of its brevity and because of its 

idealistic portrayal of man, but it still leaves many questions unanswered. Intuition, by 

nature, is a very undefinable criterion and, as such, we often find conflicting intuitions 

within ourselves and within society. For example, we may intuitively know stealing is 

“bad.” At the same time, we know intuitively that not feeding a person who is starving to 

death, assuming you have plenty of food, is also “bad.” Now we must ask, if a starving 

person steals food from a wealthy store owner, is that action “bad?” What are we to do in 

the case of conflicting intuitions? Finally, it is very hard at times to discern which 

feelings or intuitions are “legitimate” or free from distortion. If we are born with an 

innate sense of “good” and “bad,” it does not preclude our intuitions being corrupted by 

external factors, such as greed, societal influence, ego, and selfishness. Since intuition 

lacks an objective measure of “purity,” it becomes very difficult to conclude whether an 

action that intuitively seems “good” is actually good, or whether our intuition has been 

corrupted.  
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Consequentialism 

Consequentialism is a theory in ethics that claims actions are “good” or “bad” solely 

based on the consequences of these actions. 

For example, let us assume saving lives is “good,” and discuss a case of attempted 

murder. Mark has a co-worker named Steven. Over the years Steven has evolved a deep 

and consuming hatred for Mark, and has decided to kill him. One day Steven sees Mark 

standing on the roof of their office building. Seizing this opportunity, Steven decides to 

push Mark off the roof. Much to Steven’s dismay, Mark does not die, but is severely 

injured. Due to Mark’s many broken bones, his physician orders an MRI scan, which, 

upon examination, leads to the discovery of a malignant tumor. After a successful 

operation, and a few months’ recovery, Mark is as good as new. During a follow-up visit, 

Mark’s doctor says, “Boy, you sure are lucky you fell off that roof! If we hadn’t caught 

that tumor when we did you would have been a goner.” 

According to consequentialist theory, Steven’s action was “good” since we already 

assumed saving lives is “good,” and as a result of Steven’s action Mark’s life was saved. 

This at first may seem counter-intuitive, but, if we look at our legal systems, we will see 

they are rife with examples of consequentialist influence. Attempted murder is very 

different than murder, both in the eyes of society and in the eyes of the law. A perpetrator 

will sit in jail for six years instead of a lifetime based solely on the end result of their 

actions. 

The different schools of thought within consequentialist theory vary regarding which 

consequences are “good” and which are “bad,” as well as how to weigh them against one 

another in complex cases. 

The most prominent consequence-based theory is Utilitarianism. According to this 

theory, the only guiding principle in defining what is ethical and what it not is the 

principle of “utility.” According to this principle, actions ought to produce the most 
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positive value while causing the least amount of negative value. Within this school of 

thought, different philosophers have argued over what constitutes positive and negative 

value and which values are most important. 

Jeremy Bentham (1747-1832) and John Stewart Mill (1806-1873) are widely considered 

to be the fathers of Utilitarianism. They are both known to be “Hedonistic
3
 Utilitarians,” 

because they defined “utility” only in terms of the ability of an action to cause pleasure, 

which they equated with happiness, or prevent pain. This is the basis of their famous 

“principle of greatest happiness.” 

Consequentialism is an appealing theory in ethics as a whole, but even more so in 

bioethics. Why would anyone disagree with an overall increase in happiness and decrease 

in suffering? Detractors of the utilitarian theory claim that, since it makes no moral 

judgment regarding the actions themselves, it can sanction actions that are seemingly 

unconscionable. For example, let us examine the case of organ donors, assuming that 

saving the greatest number of lives provides the greatest happiness and therefore the most 

utility. What are we to do in a case where a man is found to be an organ donor match for 

five patients currently in need of a transplant? In this case, let us assume that these five 

patients will certainly die if they do not receive this organ transplant. According to 

utilitarian theory it follows that we should kill one innocent patient, harvest their organs, 

and save the lives of five other patients, since the utility is greater. This seemingly 

horrific act could be considered moral in a utilitarian world. 

Many utilitarians will claim that the societal practice of killing innocents, in order to save 

the lives of others, would cause greater displeasure on a societal level and therefore it is 

actually of lower utility to kill the innocent patient. 

  

                                                           
3
 Hedonism is the ethical theory that claims that pleasure and happiness are the primary intrinsic “goods”. 

Accordingly, Hedonists attempt to maximize pleasure and minimize pain. 
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Deontological Ethics 

Deontological Ethics, also known as “Kantian
4
 Ethics,” is the ethical theory that morality 

is founded upon pure reason. In essence, deontology defines actions as good or bad based 

solely on the justification or reason for acting in such a way. This means that the same 

action, performed by the same person, can be declared immoral or moral the if the 

reasoning behind his/her behavior changed. This is in contrast to consequence based 

ethics, wherein any action with a set result will always be moral or immoral. 

We must now clarify which maxims may be defined as good according to “pure reason.” 

Kant invented the “Categorical Imperative” as the benchmark for testing which maxims 

are “good.” The most famous formulation of his imperative is “act only according to that 

maxim by which you can also will that it would become a universal law.” This is very 

reminiscent of the golden rule
5
, but Kant insisted that it is essentially different. The 

categorical imperative applies to everyone, as a matter of universal and objective good. 

The golden rule appears to be a practical piece of advice, recommending you behave a 

certain way if you wish to be treated in that same way. If you wanted to be robbed, 

according to the golden rule, you would not be obligated to refrain from thieving. 

According to the deontological theory, regardless of your will, since a universal law of 

thieving would patently be “bad,” you are not allowed to steal. 

Kant’s ethical theory is not without difficulty. For example, if your beloved wife of thirty 

years were to ask you if the new dress she bought makes her look fat, you may be wise 

enough to tell her she looks thin and beautiful. Kant, on the other hand, would never 

accept such a “white lie” as ethical, since the liar certainly would not will that lying 

should be sanctioned by universal law. This case may explain why Kant never married, 

but it leaves us in a difficult situation ethically. What if instead of your lovely wife, you 

were dealing with a murderer? Benjamin Constant (1767-1830) challenged Kant’s theory 

                                                           
4
 Named after Immanuel Kant (1724-1804). 

5
 “Do unto others as you would have them do unto you"  - Luke 6:31 
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with the following case: Suppose you are approached by a murderer who asks for the 

location of John Smith. According to Kant, who asserts that telling the truth is obligated 

by universal law, you must divulge John Smith’s location as a matter of moral duty. 

Obviously this ethical position is very difficult to maintain. In response to Constant’s 

challenge, Kant answered that indeed one must infer a moral duty not to lie to the 

murderer from this ethical premise.  Kant reiterated that lying to the murderer would not 

be justifiable, as actions are not judged by their consequences or utility. 
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Case Study I – Vaccination  

Vaccination is one of the greatest and most powerful medical tools ever created by 

mankind. It eradicated the small-pox virus that killed an estimated 500,000,000 people in 

the 20
th

 century alone, and pushed horrific diseases such as measles and polio to the brink 

of extinction. Rabies, influenza, tetanus, hepatitis, and many more illnesses have all been 

effectively prevented with the aid of this relatively inexpensive and simple treatment. 

At first glance, it may be difficult to conceive of ethical objections to this seemingly 

amazing medical treatment. First, we must understand the unique nature of vaccines and 

what makes them so effective: 

1) Vaccines are generally a preventative measure and therefore are given to healthy 

individuals. 

2) Many of the diseases vaccines are meant to prevent affect and kill young children. 

3) Since most diseases require human hosts to spread, if a critical number of people 

within a society are immune to a disease, everyone is effectively protected
6
. 

Each of these three statements pose unique ethical difficulties: 

Vaccines are generally preventative. Thus, the treatment is not in fact a cure, but rather a 

precaution taken to prevent the possibility of falling ill. At first this may seem like 

semantics, but let us examine a case where the difference is clear. 

Bone marrow transplantation is a drastic medical treatment reserved for a small number 

of patients. The reason for this infrequent usage is not because the treatment is 

ineffective, per se, but, rather, because it entails an extremely detrimental, and dangerous, 

conditioning process
7
 that may, itself, kill the patient. It should be apparent to everyone 

                                                           
6
 This phenomenon is known as “Herd Immunity”. 

7
 This process usually includes immunosuppression and whole body irradiation. 
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that this medical procedure should only be used as a last resort due to the dangers 

involved. Therefore, if someone were to suggest bone marrow transplantation as a 

preventative treatment for influenza, it should rightly be rejected assuming the risks are 

truly as described above. 

Returning to vaccines, we must analyze what risks are involved in vaccination, and under 

what conditions can we ethically sanction taking these risks. The obvious approach to this 

problem is via utilitarian considerations. Bone marrow transplants should be used when 

the alternative (i.e. not transplanting bone marrow) is more dangerous. This is a simple 

utility function which assumes that the option with the greatest likelihood of saving lives 

should be chosen.  

The same consideration can be applied to vaccines. If an unvaccinated person has a 3% 

chance of contracting measles and a 10% chance of dying after infection, then we must 

demand that the vaccine have greater utility, such as a 0.01% chance of contracting 

measles after vaccination, and a 0.001% chance of the vaccine itself causing significant 

harm, or death. A pure utilitarian approach would simplify things greatly, but, as we will 

see, this is not accepted. There are many heuristic biases that have a tremendous effect on 

our decision making. A common bias is one of “inaction”
8
. Let’s say there is a new 

disease spreading throughout the world named “The Purple Plague.” This plague is 

highly contagious and very deadly. The odds of contracting this disease are 80% and the 

odds of surviving infection are nearly zero. As the world plunges into despair, one 

scientist creates a “vaccine.” This is not a classic vaccine since, unfortunately, it kills 

50% of the people who receive it. Would you willingly take this vaccine knowing there is 

a 50/50 chance it will kill you? On a purely utilitarian level, the choice is clear. You must 

take the vaccine. But, intuitively, many people will refuse to do so. Whether due to 

cognitive biases or intuitionist ethics, the bottom line is that, as a society, we generally 

demand a great amount of utility if we are going to willingly risk consequences. This can 

                                                           
8
 See appendix A: The Ethics of Not Acting 
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be seen clearly by the growing community of so called “anti-vaccers” who refuse 

vaccinations for their children and themselves because of safety concerns. 

 

Young children are often the victims of diseases that vaccines are meant to prevent. They 

pose a unique and difficult challenge for medical ethicists. At what age should children 

be allowed to make their own medical decisions? Should parents have complete 

discretion regarding their children’s medical care? What constitutes negligence as it 

pertains to medical decisions made by parents? These are just a few of the issues 

philosophers have to contend with. 

Vaccines are a perfect example of these challenges. Should parents be allowed to refuse 

vaccines for their children? And, if so, does the type of vaccine matter? Not vaccinating 

for chicken pox is certainly not equivalent to refusing rabies shots after your child was 

bitten by a rabid dog. 

 

Last, communal dependence adds a new level of complexity to the ethical discussion. In 

every society there will be people who are effectively unvaccinated. Some of them by 

choice and some not (combined immunodeficiency, allergic reactions, failed vaccination 

etc.). Astonishingly, these people are protected to a large degree, in spite of being 

unvaccinated, as long as a significant enough percentage of the population is vaccinated. 

This phenomenon is known as “Herd Immunity” and it stems from the fact that without a 

critical number of susceptible human hosts, many diseases cannot spread. This leads to 

the most difficult and often misunderstood question regarding vaccination. Should a 

government be allowed to mandate vaccination? At first this may seem like an egregious 

violation of personal autonomy, but let us investigate further. From a utilitarian 

perspective it is our duty to prevent the greatest harm. This means that if by forcing 

everyone to get vaccinated we will save more lives and create greater happiness, then we 
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must do so. Alternatively, moral positivists may claim it is unethical, as their religion 

forbids medical intervention. Finally, the deontological perspective is complex. Initially, 

since the utility of an action does not determine whether it is moral, the former 

justification for mandating vaccination is void. We can test our action with the aid of 

Kant’s “Categorical Imperative,” but there are two parts of our action we must consider: 

1) That it should be made universal law that everyone be vaccinated. 

2) That it should be made universal law that governments can mandate medical 

treatments. 

While you may agree that vaccination should be universal, you may not agree that 

governments should be allowed to mandate such a law; and how is one to weigh these 

considerations against one another? 

Additionally, we must reflect upon “Herd Immunity” that allows for “free riders” who do 

not take the risks of vaccination upon themselves, but still enjoy immunity because most 

of society is vaccinated. This is inherently unfair in the eyes of many, and in an 

intuitive/emotive system it is also unethical. Government mandated vaccination provides 

a solution to this problem as well. 

These are just some of the ethical complexities involved in vaccination and a taste of how 

intricate a seemingly simple discussion can become. 
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Case Study II – Genetically Modified Organisms  

Genetically Modified Organisms, or GMOs as they are more commonly known, are often 

the subject of heated debate. Before we can analyze the ethical implications of GMOs, we 

must first clarify what is meant by this blanket term. 

A Genetically Modified Organism is any organism whose genetic material (DNA or 

RNA) has been altered using genetic engineering techniques. Generally, when people 

speak of GMOs, they are actually talking about a small subsection of GMOs, genetically 

modified foods. 

Humans have been genetically modifying foods for millennia. As early as 10,000 B.C we 

can find evidence of “Artificial Selection,” where humans crossbred plants with different 

desirable traits in an attempt to produce better offspring. Since then our tools have 

become far more sophisticated, but the general principle remains the same. We want to 

create “better” organisms by artificially manipulating their genetic makeup. For example, 

in 1994, the FDA approved the “Flavr Savr,” a genetically modified tomato, for 

consumption. The “Flavr Savr” tomato was more resistant to rotting thanks to a synthetic 

gene scientists had inserted into its genome. This gene inhibited the production of 

polygalacturonase, an enzyme partly responsible for the rotting process, and, as a result, 

increased the tomato’s shelf life. 

In order to consider the ethics of genetically engineering food, we should begin by 

distinguishing between two types of genetic manipulation. The first we shall call “natural 

genetic manipulation.” This refers to the above-mentioned method of artificial selection 

and crossbreeding. The second type we shall call “unnatural genetic manipulation.”  This 

refers to synthetic genetic manipulation, where scientific tools are used to change the 

genetic code of an organism. 

Generally speaking, natural genetic manipulation is far more agreeable to the public. This 

is most likely because it has been practiced for thousands of years and is so commonplace 
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that it is practically imperceptible. Bananas are an excellent example. Most people are 

unaware that the bananas we eat today are all genetically engineered. Below, you can see 

a comparison between a “wild” banana and the banana we eat today. 

 

 

 

The modern banana was created through careful cultivation. The bananas themselves lack 

mature seeds and are incapable of producing new plants; as such, farmers must plant an 

offshoot of the old banana plant to grow a new one. Regardless of the reasons, natural 

genetic manipulation is ubiquitous and, as such, we will focus our ethical analysis on 

unnatural genetic manipulation. 

In 1982 the first ever unnaturally genetically engineered plant was created. Scientists 

infected a tobacco plant with the antibiotic resistant soil bacterium, agrobacteria. Through 

careful tissue culturing, they managed to create a new tobacco plant with the same 
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antibiotic resistance. This allowed the plant to be exposed to antibiotics, thus protecting it 

from infection, without suffering any adverse effects. Since then, genetic engineering 

technology has developed substantially, but the fundamental ethical dilemmas remain. 

From a utilitarian perspective we must quantify the “happiness” and “harm” that may 

come from genetically engineering plants, and weigh them against each other. The gain, 

or happiness, is potentially immense. In the year 2000, Vitamin A enriched “Golden 

Rice” was developed. This rice has the potential to fortify the diets of millions, if not 

billions of people.  It is estimated that vitamin A deficiency causes the deaths of 670,000 

children under the age of 5 each year. This is just one of countless examples, but it is easy 

to see how genetically modifying foods could be tremendously beneficial. Imagine a 

wheat crop capable of growing in even the most arid of deserts. The benefits are 

tremendous. Bread would become readily available to everyone. World hunger might be 

a thing of the past. Conversely, the harm is potentially catastrophic. Imagine the same 

wheat crop that is so resilient it can grow anywhere. Could other crops compete with this 

“wonder wheat” for resources? Would they stand a chance? This single wheat crop could 

potentially take over the agricultural world, until it is the only plant left. Bread is a staple 

of the modern diet, but we cannot subsist on wheat alone. Furthermore, the long-term 

health risks of such wheat are unknown. It is not always possible to predict all the effects 

upon an organism once its genetic code has been modified. The same mutation that 

allows the wheat to grow in harsh conditions may also make it toxic to humans or the 

environment. As technology develops and we gain more experience with GMOs, we will 

be able to weigh these outcomes, and their probabilities, more accurately. 

Many of those who strongly oppose GMOs rely upon Emotive, Positivist, or Intuitionist 

ethics. These groups claim that it is morally “wrong” to genetically engineer organisms. 

While some of these claims stem from a lack of understanding genetic engineering, it 

would be foolish to discount them. Certain religious moral positivists claim that we, as 

humans, have no right to meddle in God’s creation. As it is God’s will that plants are as 
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they are, any human interference or engineering would be contrary to God’s will and 

subsequently “wrong.” 

Many Intuitionists and Emotivists feel that engineering nature is “wrong.” It is difficult to 

argue with this claim since, as mentioned before, it does not stem from a rational 

argument, but rather from the view that the intuitive, or subjective, feeling regarding an 

action defines whether or not it is moral. While rational argument may not be possible, it 

is important to remember these concerns and contend with them during the planning of 

any scientific endeavor. 
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Case Study III – Team Technion 2017: ToloGen  

As part of the 2017 iGEM competition, we set out to develop a preventative treatment for 

autoimmune and allergic diseases. 

Our plan is simple. We plan on harvesting bone marrow from the cord blood of new born 

babies. This blood will undergo purification and enrichment of cd34+ cells, also known 

as hematopoietic stem cells (HSCs), genetic engineering, and subsequent transfusion 

back into the baby.  The genetic engineering would entail electroporation of a 

CRISPER/Cas9 plasmid, along with adenoviruses containing our novel display system, 

into the HSCs. 

Clearly this plan is full of ethical difficulties. We are asking parents to subject their 

newborn, healthy babies to a treatment that might prevent future disorders that may never 

have occurred in any case. But, before completely rejecting our idea, let us analyze it 

ethically. 

First, we will delineate the main ethical issues related to our idea: 

1) We are treating completely healthy babies with a possibly harmful regimen. 

2) The child cannot give consent to the operation, which may be irreversible. 

3) The ethicality of genetically engineering humans is hotly debated; using this 

powerful tool on healthy individuals is even more contentious. 

Obviously, to allow for sincere and meaningful ethical analysis, we need to assume that 

the treatment is both effective and safe. There are known and regulated processes for 

approving experimental therapies such as this one and we must assume this treatment has 

passed such screening. 

The reader may notice that many of the ethical issues that concern our project are very 

similar to the issues presented when we analyzed the ethics of vaccination. This is not 
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coincidental. All preventative treatments using potentially harmful regimens are subject 

to many of these difficulties. 

The simplest perspective is the utilitarian’s. We lack certain information at this point, but 

the question is clear-cut: Does this treatment do more good than harm? Without the 

requisite research, this question cannot be answered. We can, however, assume that if the 

risk is minimal enough and the treatment is largely effective, the utilitarian must concede 

that it is ethical. Defining “minimal enough” and “largely effective” is no simple task, 

but, since many autoimmune diseases and allergies can kill, it follows that there is a 

certain risk that can ethically be assumed if these diseases can be prevented. Then there is 

the question of consent. Since no newborn child is capable of consenting to such a 

treatment, we must decide whether society will benefit from allowing parents to subject 

their children to this therapy or not. The same question is asked regarding vaccines, and 

the answer appears to clearly be affirmative. While some vaccinated children may have 

declined inoculation, considering the low risk involved in vaccination it seems clear that 

allowing parents to consent for their children causes far more good than harm. Lastly, the 

utilitarian must ask if genetically engineering humans will ultimately cause more good or 

happiness than harm. This question is open-ended and unanswerable at this point in time. 

Certainly most people would agree that a child born with Tay-Sachs disease
9
  would only 

stand to benefit from genetic engineering, even if the odds of success were low, but the 

question of utility applies to the whole of society. We must ask whether the potential 

harm genetic engineering can cause outweighs the undoubtedly tremendous good it can 

produce. 

The intuitionist and emotive perspectives are obviously going to be internally conflicted. 

Diabetic parents may feel differently than healthy parents about assuming risks in order 

to protect their children from this disease. The intuition of a synthetic biologist may be 

opposite that of a sociologist. The important thing to understand when considering these 

ethical opinions is that they do not stem from purely rational considerations, and, as such, 
                                                           
9
 A terminal genetic disease that, in the best of cases, results in death by age four. 
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cannot be explained away. We must always consider the feelings and intuitions of the 

society around us when dealing with synthetic biology. 

The deontological perspective is not fully applicable here. The deontologist is 

unconcerned with the consequences of actions, but, rather, with the nature of the action 

itself. This means that regardless of what good may come of this therapy, it is irrelevant 

to the question of whether it is moral. It is hard to find anything inherently bad in the 

action of subjecting your child to a medical treatment you believe is beneficial. In terms 

of the “categorical imperative,” it appears that most people would “will” that parental 

discretion, with regards to potentially beneficial therapies, should be universal law. 

 

Finally, as a result of these ethical considerations, we decided to incorporate new 

elements into our project and final vision in an attempt to assuage some of the concerns: 

1) A “Kill Switch” was designed in order to insure greater safety and allow for the 

treatment to be reversible. This will allow patients who underwent treatment 

before they were capable of consent to “opt-out” of the treatment once they are of 

age. 

2) Considering the current ethical climate and scientific state of genetic engineering, 

we intend to initially pursue our treatment in high-risk groups that are likely to 

develop autoimmune diseases. This will allow for far more utility and help garner 

public trust in our therapy. 

3) Bone marrow will be harvested from cord blood. This will eliminate any pain 

normally involved in procuring HSCs, and, thereby, increase the utility of our 

treatment.  
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Summary 

We sincerely hope this handbook has provided the reader with a taste of how complex 

and wondrous the world of ethical thought can be. When we set out to create this 

document we had seemingly modest goals. We wanted to expose young scientists to the 

world of ethics, give a brief explanation of some of the most influential ethical theories, 

and show a few examples of ethical analysis as it pertains to synthetic biology and 

bioethics. These tasks proved to be very difficult. A valiant effort was made to simplify 

complex theories without being simplistic and to cover a wide array of issues without 

resorting to shallow analysis. Even so, this effort at times may not have been enough. 

A work of this scope can never cover the great depth and extraordinary breadth that 

constitutes the complete body of ethical thought, but we hope your interest has been 

piqued and we greatly encourage you to continue learning about ethics. We have 

provided a “further reading” list for those who wish to delve deeper into ethics. 

Lastly, it is important to note that in order to create this handbook, we had to forgo 

explaining certain concepts for the sake of brevity. The reader may notice that we 

generally avoided the topic of what “Good” is, and what that means. Ethicists distinguish 

between “Normative Ethics,” the question of how to determine which course of action 

should be taken morally, and “Meta-ethics,” the question of what ethics is and what do 

“Good” and “Bad” mean. Throughout this handbook this distinction has been avoided to 

simplify the contents, but we strongly encourage the reader to research these topics 

further and understand how they shape the ethical landscape. 
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Appendix A: The Ethics of Not Acting 

Imagine you are standing at a railroad crossing. You notice there are five people tied to 

the tracks in the distance and the train is barreling towards them.  In front of you is a 

lever. This lever will divert the train to an auxiliary track, saving the lives of five 

strangers.  But wait! You now notice a person tied down to the auxiliary track. If you pull 

the lever, he will surely die. Do nothing, and five will perish. What will you do? 

Now imagine a different scenario where there is no lever. The train is heading towards 

the five people and you see a very large man standing by the tracks. You can push the 

man onto the tracks and bring the train to a stop, saving five lives, or you can leave this 

man alone, and five people will die. Do you push this man onto the tracks? 

The cases described above are known as “Trolley Problems” and they highlight how 

flawed human perceptions or biases can affect our thoughts and actions. Ninety percent 

of people answered they would pull the lever, divert the train, and save five lives for the 

price of one. Shockingly, the same ninety percent of people answered they would not 

push the man onto the tracks. This, of course, seems irrational. In both cases one person 

dies in order to save five others, and in both cases you perform the action that leads to 

their death. Somehow, the act of diverting the train is less ethically objectionable to us as 

humans, than the act of physically pushing someone in front of a train. 

Before proceeding further, let us take a moment to analyze the trolley problems according 

to two central schools of ethical thought, consequentialism and deontology: 

The consequentialist does some quick math and realizes that five lives are of greater 

value than one. Assuming a random distribution of people in each group, on average you 

will do more “good” by saving five lives than one. As such you should pull the lever and 

push the man onto the tracks, as both actions lead to the greatest “good.” 

The deontologist is completely unconcerned with the results of your action and only 

analyzes the action itself. Clearly, pulling a lever that will cause a man to die is a “bad” 
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action if the consequences of not pulling the lever are irrelevant. As such, the Kantian 

deontologist will tell you not to pull the lever and not to push the man on the tracks. 

This analysis of course is fairly superficial, but, for our needs, it is sufficient to highlight 

the question of “not acting.” The deontologist claims that pulling the lever is unethical. 

He cannot ignore the fact that not pulling the lever leads to five deaths. As such we must 

surmise that the deontologist does not assign ethical responsibility to inaction. This 

makes sense since inaction is often judged to be “good” or “bad” based on the 

consequences of the inaction, and the deontologist is unconcerned with consequences. 

This brings us to the point of this chapter. Is inaction ethical? And how are the costs of 

inaction to be weighed? 

There are no clear answers to these questions, but one can observe that as a society we 

have developed a modus operandi, at least on the legal level. For example, if while 

walking down the road you see a small child drowning in a foot of water, and you can 

easily lift him up by his shirt and save him, neglecting to do so in not only unethical, 

according to most people, but also illegal in many countries under “Good Samaritan 

Laws.” In such a case, even a deontologist will admit that inaction is unethical, as the 

action itself, namely saving the child, is ethical and therefore obliged by duty. We have 

now seen that inaction can be unethical, but we have not concluded whether it is judged 

in the same way as action. Should the punishment for not saving the child be equal to the 

punishment for drowning a child? Intuitively and legally, the answer is no. Again, we 

somehow find that inaction, while unethical, and identical in result to action, is somehow 

different than action. 

How does this issue tie-in to bioethics? When we consider the ethical ramifications of 

scientific endeavors, it is of the utmost importance that we consider the ethics of inaction. 

Scientists today are proposing that we implement a “Gene Drive” in mosquitoes  that will 

prevent them from transmitting malaria. Whether such a solution is ethical has been the 

subject of heated debate in the last few years. It is our intention with this appendix to 
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draw attention to an often disregarded ethical aspect, the cost of inaction. Every year 

more than one million people die of malaria. Every thirty seconds a child under the age of 

five dies of malaria. In a world where bioethical decisions are determined primarily 

through utilitarian considerations, it is crucial that we remember and consider the heavy 

price we must pay if we choose not to act. 
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Appendix B: Ethics and Safety 

 

Safety and ethics have a complex and intertwined relationship. If a treatment is 

completely unsafe, killing 100% of the time, then it is relatively simple to define this 

treatment as unethical. Difficulty arises when we are faced with a treatment that is not 

completely unsafe, but still entails certain risks. In these cases, many ethicists and 

scientists will disagree as to whether such a treatment should be allowed. 

For example, we discussed many ethical issues concerning vaccination. We assumed 

there were certain risks involved in vaccination, and, of course, ethically, these risks must 

be carefully considered. The utilitarian may conclude that these risks are outweighed by 

the benefits, and the deontologist may conclude that these risks make the action 

inherently unethical. In either case, the safety of the treatment has fundamentally 

impacted its ethicality. 

Interestingly, safety-based ethical concerns are far more convenient in a certain sense. 

They are based on numbers and statistics, and, therefore, a treatment can “become 

ethical” purely by becoming safer. With continued research and scientific progress, many 

treatments that are currently considered far too dangerous may one day become very safe. 

At this point we may only be left with non-safety related ethical issues or “purely ethical” 

issues. Often-times these matters cannot be resolved scientifically, making them much 

more difficult for scientists to contend with. When dealing with bioethics, it is very 

important to be cognizant of whether a safety issue is the problem or a “purely ethical” 

issue is, since the tools for dealing with each type are very different. 
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