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ABSTRACT 

Aim. This review article mainly focuses on the importance, possible risks and state of public 
debate on genetic engineering particularly on genetically modified organisms (GMOs). 
During the last decade, tremendous progress has been made in the area of genetic 
engineering. The technology has numerous applications in increasing productivity of 
agriculture (in farm animal and plant species) and biomedical industries. Creation of 
resistant varieties of plants, transgenic animals, increasing the protein content, bio-
fertilization, recombinant pharmaceuticals and gene therapy are now the major application 
of genetic engineering. Despite the technology has opened up new opportunities for highly 
specific manipulation of the genetic material of organisms, it has the possible risks of 
genetic contamination/inbreeding, competition with natural species, ecosystem damage, 
risk of horizontal gene transfer, new kinds of outbreak diseases; creation of drug resistant 
germs; accidental escape of laboratory strains and increased disease burden if the recipient 
organism is a pathogenic microorganism or virus. Additionally, now, scientists are faced 
with ethical issue challenges related to moral and religious acceptance and animal welfare. 
Conclusion. Scientists need to consider the types of applications of genetic engineering 
which will appear on the commercial market as well as develop procedures which will 
minimize potential biological and ecological hazards of the technology.  Even though, 
genetically modified foods currently available on the international market have passed 
safety assessments, countries vary in their regulation of genetically modified foods 
indicating the necessity of worldwide consensus on labelling and traceability of genetically 
modified foods taking into account health and environmental risks as well as religious 
issues. 
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INTRODUCTION 
 

Biotechnology, specifically genetic engineering is already a beneficial resource, employed in medicine, 

manufacturing, and agriculture. It has been started reaping the practical rewards of genetic engineering such 

as new medical therapies and increased agricultural yields [1].  

There are many arguments in favor of the use of genetic engineering in the future. Among these are the 

promises that genetic engineering will feed the world, produce better crops, and be altogether good for the 

economy. Many different organisms are being used in today’s genetic engineering research and development, 

including plants, trees, animals, insects, bacteria and viruses. In the agricultural sector, plants and crops are 

engineered to express a resistance to herbicides and specific pests. Scientists promise that genetically modified 

plants will have better texture, more flavor, and higher nutritional value than wild varieties of the same crops 

[2]. Farm animals are also modified to increase productivity and reduce costs for farmers. Pigs are engineered to 

have less fat, fish are being modified to grow larger more rapidly [3] and other animals are being engineered to 

increase productivity [4].  

Although the benefits of genetically modifying organisms may seem vast, it is important to consider the 

fact that this is a very new technique and the risks involved are not fully understood [5]. The test subjects are 

living organisms, capable of growing, reproducing, migrating and interacting with other living organisms. This 

means that the risks involved with genetic engineering are inherently more dangerous and unpredictable than 

experiments using chemicals. Because of the unpredictable nature of living organisms, once a Genetically 

Modified Organisms (GMO) has been released into the environment, it is impossible to recall it [6]. Significant 

religious, secular and ethical implications ought to be taken into account as we go forward with genetic 
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engineering. Genetic engineering is seen by many people as ‘playing God’ [4]  or putting people in the place of 

the Creator [6] as it gives to a few people the ability to change the natural world completely. By genetically 

modifying organisms, a scientist assumes that this extremely new science is better for populating the world 

than God or any other Creator, including natural evolution and natural selection. Religious groups may have 

specific reasons for objecting to GMOs. For example, Holy Bible [7] at Deuteromony (ኦሪት ዘዳግም) 14:8 says ‘And 

the swine, because it divides the hoof, yet chewth not the cud, it is unclean unto you: You shall not eat of their flesh nor 

touch their dead carcass’ and The Quran also prohibits the consumption of pork in many verses including: 2:173, 5:3, 

6:145 and 16:115. If the modified products are not clearly labeled as containing pig genes, vegetarians would 

surely object to animal genes being inserted in fruits and vegetables [2].  

Therefore, the objective of this review is to address some major benefits, risks and consumers’ attitude 

towards GMOs. 

 

DISCUSSION  
 

Benefits of application of genetic engineering  

Genetic engineering is relatively a new laboratory technique used by scientists to change the DNA of 

living organism. It has already supplied us with products that alleviate illness, clean up the environment, and 

increased crop and livestock yields. It also helped to create thousands of organisms and processes useful in 

medicine, research, and manufacturing. Genetically engineered bacteria churn out insulin for treating human 

diabetes, production of which would be substantially more expensive without the use of genetic engineering [8]. 

The number of organisms used in genetic engineering research is steadily increasing, as is the number of 

types of animals being used in the research. Genetically engineered organisms are used in many different 

sectors today, including agriculture, biomedical research, and animal farming. Farm animals are modified to 

increase productivity and reduce costs for farmers. Pigs are engineered to have less fat, fish are being modified 

to grow larger more rapidly [9]. Genetic engineering holds the promise of creating new, more productive strains 

of farm animals for meat and milk production. These new strains may be more resistant to infections, reducing 

the need for large, unhealthy doses of antibiotics. They may also be engineered to produce more meat, so we 

need not slaughter as many animals, or they may produce milk or other products with vital nutrients otherwise 

not found in those products, ensuring a healthier source of such nutrients [10]. 

 

Risks of application of genetic engineering 

Since the technology plays with living organisms, interacting with other living organisms the risks 

involved are inherently more dangerous and unpredictable than experiments using chemicals. Because of the 

unpredictable nature of living organisms, once a GMO has been released into the environment, it is impossible 

to control [11]. Genetically modified organisms are living organisms and therefore, unlike chemicals that may 

become diluted, GMOs have the potential to disperse to new habitats, colonize those sites, and multiply. Their 

novel activities, including the production of metabolic products, enzymes and toxins will occur as long as the 

GMOs remain metabolically active. Once established, living organisms cannot be recalled [12]. 

One risk associated with genetic engineering is that it is based on the idea that each trait of an organism is 

encoded in a single, specific gene, and that the transfer of that specific gene will also cause the transfer of the 

sought-after attribute. However, genes cannot be regarded as separate entities. They are all related, and they 

are all influenced by many factors including the external environment [13]. This means that even though a gene 

may be related to a specific characteristic in one organism, it may not produce the same trait in another species 

or even in another organism of the same species. Therefore, it is almost impossible to predict the effect that 

transferring a specific gene will have on the individual to which it is transferred. 

 

a) Risks to biodiversity 

The introduction of genetically modified plants into the environment may have devastating effects on 

biodiversity. Birds, insects, and other animals that are dependent on certain crops for survival may find 

themselves unable to eat the genetically engineered crops due to the introduced gene or modification [9]. They 

may be allergic to the new traits, or find them poisonous. Therefore, these animals would have to find other 

sources of food, or face starvation. This would impact the entire food chain and the predator-prey relationships. 

The introduction of a modified organism into the environment may cause the displacement of indigenous fauna 

and flora [14]. If the new strain is superior to the parent strain, it may take over the habitat or eliminate the wild 
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strain. Also, any change in animal behavior could affect the entire food chain as well as predator-prey 

relationships [15]. 

 

b) Risks of genetically modified foods 

Since the reason behind genetic engineering is basically to improve the quality of human lives, it is 

important to discuss the potential adverse effects that genetic engineering may have on human beings. Genetic 

material can enter the human body through food, bacteria, viruses, vaccines and medications. Most GMO 

sourced foods have a marker gene inserted in them along with the gene representing the desired trait [16]. 

According to theses authors, if the marker genes were transferred successfully, the organism will exhibit a new 

resistance to particular antibiotics. Problems could arise for humans who eat food with these genes in them, 

particularly if they are unaware of the presence of the genes [17]. The antibiotic resistance gene could reduce the 

effectiveness of any antibiotics that the person happens to be taking at the time they are eating the product. 

Also, if people are constantly eating food with antibiotic resistance genes in them, they could develop a 

resistance to antibiotics as well. There is a risk that the nutritional quality of genetically modified food will be 

lower than that of unmodified foods [18]. 

In addition to the potential problems caused by marker genes and decreasing nutritional quality, 

genetically modified organisms may cause allergies in many people [19]. If people are not fully aware of the 

nature of the food that they are eating, they may consume substances which are harmful to them. Even if a 

person knows that s/he should avoid a specific substance, he may not be aware that the insertion of a new gene 

into the product has caused the expression of a similar substance. For example, people would not expect meat 

genes to be inserted into tomato. If a person were allergic to meat, he may also be allergic to the tomato, 

without realizing that it is the same substance causing the allergic reaction. For this reason, it is important that 

genetically modified foods be clearly labeled. 

Concerns about eating GMOs can also arise for religious reasons. According to Chaudry and Regenstein 
[20], some of the potential controversies that consuming such foods would create for religious persons who 

observe dietary laws. Jewish law (Halacha) accepts genetic engineering to increase the quality or quantity of the 

world's food supply. But within the Muslim world no need for genetic modification of food crops because God 

created everything perfectly and man does not have any right to manipulate anything that God has created 

using His divine wisdom. Whereas in Christianity, no overarching consensus on the permissibility of GM 

technology, performing of GM research, or consumption of GM foods. 

 

Consumers’ attitude to GMOs 

Despite the potential benefits there is a sizeable consumer opposition to genetically modified foods and 

other biotechnologies. Public attitudes to the biotechnologies are related to risk. It would be comforting to think 

that views were made on rational evaluation of the science, but usually they are made on values and emotion.  A 

survey of attitudes in United Kingdom (UK) to genetic modification of foods found 70% of those questioned 

thought it was morally wrong. The figure was somewhat less in a United States (US) survey (45%). However, 

with greater exposure of the topic in recent years, public concern seems to have increased more [21]. 

According to the survey conducted by Biotechnology and the European Public Concerted Action Group 
[22], over 16,000 people in the European Union for their opinions about the use of biotechnology for genetic 

testing, production of medicines and vaccines, increasing crop pest resistance, food production, developing 

genetically modified animals for ethics, transgenesis and xenotransplantation. Although all of these 

applications of biotechnology were thought to be useful, the last three, which involve genetic manipulation of 

animals, were viewed negatively. Perception of risk appeared to play relatively little role in this judgment, 

except in the case of food production. What was most important was whether or not the application of the 

technology was felt to be morally acceptable. The committee that interpreted the survey concluded that the 

results indicated that perceived usefulness was a precondition for support and that people were prepared to 

accept some risks for those benefits, but that moral doubts acted as a veto irrespective of views on risks and 

benefits.  

According to Sandoe and Holtung [23], similar views were aired at a consensus conference held in 

Copenhagen in 1992. The welfare of genetically engineered animals was a major concern of the participants, but 

they also thought it morally unacceptable to induce genetic changes in animals in order to adjust the animals to 

existing agricultural methods or to produce cheaper food. Likewise, Hoban and Kendall [24] surveyed 

approximately 1300 adults in the USA followed by focus group discussions revealed that, while most believed 
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that biotechnology would be personally beneficial to them, 53% also believed that it was morally wrong to use 

biotechnology to change animals, while only 24% believed that changing plants was wrong. The least acceptable 

applications of biotechnology were those that changed the composition of meat or milk, or increased animal 

growth rates. In the focus groups, women were particularly concerned about the humane treatment of animals 

and animal welfare issues arising from biotechnology. 

 

 Ethical concern in genetic engineering 

Genetic engineering of a living organism may for a variety of reasons be thought of as being morally 

problematic in itself, i.e. due to its mode of production or to its source of genetic material be perceived as wrong 

or morally at least dubious. But genetic engineering may also be thought of as morally problematic because of 

its consequences. Kaiser [25] argued that all variants of intrinsic arguments against animal biotechnology could 

be summarized in the following claim: It is unnatural to genetically engineer plants, animals and foods. The 

commonly most well-known argument of this sort is the so-called “Playing God-argument” [26]. The basic 

assumption of the argument is the following: God has drawn up invisible boundaries between the realm of God 

and the realm of humans. Those that transcend this boundary are guilty of hubris, i.e. excessive pride. 

Obviously, any such argument would also be dependent on the more specific assumptions of a religion 

concerning the relation of God, humans and animals. The problem is to know where this boundary is. One 

version of the Playing God-argument holds that it is morally wrong to break down naturally occurring 

boundaries between different species, and another holds that it is morally wrong to modify living nature [27]. 

As stated by Partridge [28] also stated that, environmental ethics is concerned with responsible personal 

conduct towards the environment, natural landscapes, natural resources, and all species and nonhuman 

organisms. According to this author, it is important to keep environmental ethics in mind when discussing 

genetic engineering, as many of the arguments against genetic engineering have to do with whether it is ‘right’ 

to modify organisms and the natural environment.  

 

Animal welfare in genetic engineering 

Many groups have objections to the use of animals in scientific testing. They recognize that animals have 

interests, and that these interests should not be violated. One argument for why animals have interests is 

because they have the ability to suffer [29], but wonder if animal rights should be protected at the expense of 

human rights [4]. As noted by Canadian Environment Network [30], “Every life form is unique, and has intrinsic 

value regardless of any perceived value that it may have for humans”. This means that animals and plants are 

significant in themselves and should be treated as ends in themselves, rather than simply a means to a human 

end. 

In Europe, the UK report an animal welfare from 1965 that became known as the Brambell report, was 

highly influential. Well-known “five animal freedoms” included in Brambell committee [31] are: 

 Freedom from hunger and thirst by ready access to fresh water and a diet to maintain full health and 

vigor. 

 Freedom from discomfort by providing an appropriate environment including shelter and a   

comfortable resting area. 

 Freedom from pain, injury or disease by prevention or rapid diagnosis and treatment 

 Freedom to express normal behavior by providing sufficient space, proper facilities and company of the 

animal’s own kind.  

 Freedom from fear and distress by ensuring conditions and treatment which avoid mental suffering. 

 

Objections to genetic engineering 

Some people object to any tinkering with the genetic codes of humans, or even of any life form. Some 

religious critics perceive genetic engineering as “playing God” and object to it on the grounds that life is sacred 

and ought not to be altered by human intention. Other objectors argue from secular principles, such as the 

outspoken and ardent Jeremy Rifkin, who claims that it violates the inherent “dignity” of humans and other life-

forms to alter their DNA under any circumstances [32]. These arguments, while perhaps well-meaning, are not 

supported by sound logic or empirical evidence, as will be demonstrated in Epstein [33]. Religious objections 

assume the existence of some creator whose will is defined by genetic engineering, and secular objections 

assume that life in its “natural” state, unaltered by human intention, is inviolable because of its inherent dignity. 
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Religious objections to genetic engineering 

Genetic engineering is seen by many people as putting people in the place of the Creator as it gives to a 

few people the ability to change the natural world completely. Some people hold that it is ethically questionable 

to transfer genes from one species to another species. This attitude is sometimes grounded in a religious belief 

that it is not up to humankind to violate boundaries that are set by God. Any design of nature through the 

insertion of new genes is, according to this argument, morally unacceptable. The argument does not occur in 

the Bible (in fact one may cite places to the opposite), but is based on an interpretation of God’s will [20]. 

 

Secular objections to genetic engineering 

Secular objectors to genetic engineering must defend the claim that the dignity of an individual member 

of a species, or of the species itself, is tied to its unhampered with evolution to its present state [34].  Nature 

itself is indifferent to our dignity, and so altering nature cannot violate our dignity. In fact, it dignifies us to use 

the talents we have to alter our environment and our biology to improve our lives and those of the disabled. 

Technology in any form is an Outgrowth of our intellectual abilities: at its best, it allows us to overcome natural 

shortcomings. Home heating and air conditioning violate the natural order, yet allow us to thrive in climates we 

otherwise could not survive. Few would argue that overcoming that natural disadvantage violates our inherent 

dignity. 

Those who argue for drawing a line at altering the genome of humans or other organisms must give 

reasons both for regarding DNA as somehow special and apart from the rest of the natural world and for 

arguing that conscious manipulation of DNA is morally impermissible. There are some reasons to support 

“genetic exceptionalism,” the point of view that DNA is unique, but those arguments do not necessarily imply: a) 

that because of this uniqueness there are absolute bars to altering it; or b) that if it is acceptable to alter the 

DNA of non-humans, it is nonetheless unacceptable to alter that of humans. Uniqueness does not itself imply 

any moral duty. In fact, every human being is “unique” by virtue of DNA, environment, and upbringing, but our 

moral duties toward each do not depend upon that uniqueness. Neither of the assumptions above can be 

sustained by logic or empirical evidence and as indicated previously, we have been tinkering with genes in 

plants, animals, and even human beings, through selective breeding for millennia. Thus, the uniqueness of DNA 

has never forbidden us implicitly or explicitly to modify what we encounter in nature [35].  It is arguably just a 

matter of degree rather than a qualitative difference in kind that separates selective breeding and genetic 

engineering. Those who oppose genetic engineering on moral grounds must make a coherent case that it is 

qualitatively different from selective breeding, or they must similarly oppose the selective breeding which has 

resulted in almost every aspect of our modern agriculture. 

Rawls [36] interprets human dignity as implying that we enter into a social contract treating each 

individual from the position of equality: “for in this situation men have equal representation as moral persons 

who regard themselves as ends and the principles they accept will be rationally designed to protect the claims 

of their person”. We have dignity in a way in which no other animal does, which is not to say that other animals 

lack dignity. (Creatures have their own dignity, inherent to their species and capacities). 

We are the only creatures we know capable of art, science, literature, architecture, and transforming our 

environment to accommodate our physical limitations. The concept of human dignity is perfectly compatible 

with genetic engineering. Recognizing human dignity often means taking steps to ensure that where nature 

impedes human potential, everyone’s human potential may be achieved to the fullest. The disabled and the 

infirm should be aided wherever possible, and consistent with their stated goals, to achieve their potential, 

consistent with the principle of avoiding harm to others. Indeed, recognizing the inherent dignity of our fellow 

human beings suggests that we are impelled to pursue genetic engineering research, to the degree that it can 

help to develop therapies and treatments for those who suffer or develop natural or accidental limitations [37].  

Clearly, some limits on genetic engineering also may be required by human dignity. Actions that diminish 

the capacities of others to achieve their potential are affronts to human dignity. Genetic engineering requires 

special attention to issues of equal access and even some restrictions on its applications where they may 

threaten subordination of some humans. Any invention used to diminish critical human capacities, such as 

cognitive functioning, would be unethical. Thus, while some people might benefit from a small race of humans 

genetically engineered to be slaves with diminished mental capacities this would clearly and egregiously violate 

human dignity [38]. 
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CONCLUSION 
 
Agriculture and medical industry are two major applications of genetic engineering. Agriculture particularly 

modifying plant varieties greatly benefits from genetic engineering. Though the slogan of genetic engineering 

is ‘feeding the world and sustainability’, there are many arguments in favor use of genetic engineering in the 

future. Consumers have raised a series of concerns and uncertainties with regard to human health, 

environment, and animal welfare, moral and religious acceptances. Since genetic engineering risks involved are 

not well understood.  The risks related to the GMOs should be studied in detail and accessed by the public. 

Governments in all countries should have regulations on safety issues, labelling and traceability of GMOs.  
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