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Abstract - Genetically modified organisms (GMO’s) are a broad group of plants, animals, and bacteria that are engineered 
for a wide variety of applications ranging from agricultural production to scientific research. GMO has potential for negative 
effects on the environment and human health. Because it could directly effect human health are primarily products that can 
enter the human food supply. There is much confusion about the risks of GMOs in terms of food safety and environmental 
impact. According to decision-making based on science, it needs to be controlled on the risks of GMOs 
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I. INTRODUCTION  
 
Essentially, living tissue is made up of cells, each cell 
has a nucleus, each nucleus has chromosomes, and 
chromosomes contain most of the organism’s DNA. 
Some of the DNA is in the form of genes that code 
for proteins, enzymes and other biochemical 
substances that organisms need to function. GMO 
stands for “genetically modified organism.”  It’s also 
known as transgenic, bioengineered, biotech, and 
Frankenfood. The term GM foods or GMOs 
(genetically-modified organisms) is most commonly 
used to refer to crop plants created for human or 
animal consumption using the latest molecular 
biology techniques. Genetically engineered crops 
have been widely adopted since 1996, with more than 
95 percent of sugar beet, 94 percent of soy and 96 
percent of cotton and corn acreage planted with GE 
varieties in the U.S. in 2014[2] . There are substantial 
benefits from the adoption of GE crops in worldwide. 
These include economic and environmental benefits 
such as lower production costs, fewer pest problems, 
reduced use of pesticides, and better yields. Some 
studies shows that GE feed is safe for animal 
consumption and does not result in animal products 
that are compositionally different from those 
produced, and that have reported no detrimental 
health effects in animals fed GE feed and revealed no 
deleterious trends in livestock health and 
productivity[2]. Other animal studies indicate serious 
health risks associated with genetically modified (GM) 
food , including infertility, immune problems, 
accelerated aging, faulty insulin regulation, and 
changes in major organs and the gastrointestinal 
system. They have asked physicians to advise all 
patients to avoid GM foods[1]. A groundbreaking 
new study shows that pigs were harmed by the 
consumption of feed containing genetically modified 
(GM) crops[3]. GM-fed females had on average a 25% 
heavier uterus than non-GM-fed females, a possible 
indicator of disease that requires further investigation. 
Also, the level of severe inflammation in stomachs 
was markedly higher in pigs fed on the GM diet[3] . 
If GE feed were causing unusual problems among 
livestock, farmers would have noticed. Dead and sick 

animals would literally litter farms around the world. 
Yet there are no anecdotal reports of such mass health 
problems. That GM feed is safe and nutritionally 
equivalent to non-GMO feed. There was no 
indication of any unusual trends in the health of 
animals over 18 years since 1996 when GMO crops 
were first harvested[4]. This study is a red herring. 
The problem comes in with sustained use. That GMO 
study touts the millions of animals that ate GMO. But, 
livestock only live to be a few months old before 
slaughter. There is no significant time for effects[4]. 
This study looked at peer-reviewed literature and 
field experience with feeding GMO crops to livestock 
to examine whether there are data from these large 
datasets showing deleterious health trends in 
commercial livestock populations following the 
adoption of GMO crops in their diets[4]. 
 
It is still waiting for a peer-reviewed study that uses 
sound empirical evidence and proper scientific 
methodology to make a direct connection between 
human/animal consumption of GM foods and a 
diagnosed medical condition. There is no reason to 
suppose that GM feed presents any more risk to 
farmed livestock than conventional feed. GM feed, 
which is very unlikely to contain viable GMOs, is 
digested by animals in the same way as conventional 
feed. Genetically engineered crops are digested by 
animals in the same way as conventional crops. 
Numerous scientific studies have examined the 
digestive fate of genetically engineered DNA and 
protein introduced intro genetically engineered feed, 
Genetically engineered DNA, or the novel proteins 
encoded therein, have never been detected in the milk, 
meat or eggs derived from animals fed genetically 
engineered feedstuffs[5]. Nutrients in meat, milk and 
eggs from livestock fed genetically engineered feeds 
have been found to be the same as the nutrients from 
livestock fed conventional feeds. The metabolic 
processes involved in digestion, absorption and the 
use of feed proteins by livestock species make it very 
unlikely for a protein of any plant gene to be found 
intact in food of animal origin, and none have been 
detected. 
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II. OBJECTS  
 
Plants: Plants with favorable characteristics have 
been produced for thousands of years by conventional 
breeding methods. Desirable traits are selected, 
combined and propagated by repeated sexual 
crossings over numerous generations. This is a long 
process[19]. 
 
Genetic engineering not only allows this process to be 
dramatically accelerated in a highly targeted manner 
by introducing a small number of genes, it can also 
overcome the barrier of sexual incompatibility 
between plant species and vastly increase the size of 
the available gene pool[19]. Currently a GMO is 
defined as an organism in which the genetic material 
has been altered in a way that does not occur 
naturally through fertilization and/or natural 
recombination. Following the increased knowledge of 
plant genomes, new tools for gene transfer  have 
been developed. Considering the environmental and 
economic costs of chemical use in agriculture to 
protect crops from (virus, bacterium and insect) 
diseases and weed damage, production of intrinsically 
resistant plants to pathogens and biocides is one of 
the main goals of genetic engineering in agriculture. 
Knowledge of disease resistance genes to be 
transferred has been a main effort of the recent 
‘genomic era’. More biology and less chemicals is 
thus the promise of this biotech research. Nowadays, 
nutriceutical compounds as well as medicines and 
vaccines can be produced by GM plants. Genetic 
engineering offers a time-saving method for 
producing larger, higher-quality crops with less effort 
and expense. Yet such benefits must be balanced 
against the risks of changing the genetic makeup of 
organisms. What are those risks, and how likely are 
they to occur? In order to define them, It is need to 
understand the science of plant genetic engineering. 
Plants rely on the transfer of pollen, via insects or the 
air, to breed and produce offspring, and it's difficult to 
control how they cross-breed in the wild. In most 
cases, it's not yet clear how introduction of the non-
native gene would affect wild populations. Critics of 
genetically modified plant technology cite the need to 
learn more about the potential long-term impacts of 
genetically modified plants on the environment 
before mass-producing them.  
 
Genetically-modified (GM) seeds are a significant 
step forward in the production of agricultural crops. 
GM seeds are seeds that have been modified to 
contain specific characteristics such as resistance to 
herbicides  or resistance to pests. But the method of 
modification used with GM seeds varies from the 
traditional method in an important respect: the genes 
have not been modified over generations of cross-
fertilization, but rather inserted directly into the DNA 
of the seed.  Although this method is more efficient, 
critics fear that the result — a novel gene 

combination — may have health or environmental 
impacts that are not being adequately addressed[20]. 
In the debate about GMO crops, the threat of genetic 
contamination is often raised as a reason to reject the 
technology. All living species, need to be able to 
reproduce. They also need to generate the genetic 
diversity that will allow the species to adapt and 
evolve as needed to survive.  Plants can’t move, so to 
mate with other plants of their species they have to 
find ways to spread the male sexual cells (pollen) to 
the female reproductive cells (the ovaries in the 
female parts of flowers).  Some plant do this with the 
help of pollinators – the bees, flies, butterflies, birds, 
etc.  These helpful agents incidentally move pollen 
around.  Other plants simply rely on wind to move 
their pollen to other flowers.  This is the case with 
most grain crops like wheat, barley, oats, corn etc. 
Cross pollination is a vital, natural process.  The 
plant have long been able to harness the positive 
potential of this genetic exchange to breed for 
improved varieties.   
 
Animal: The developments in genetic modification 
appear to be taking place in a diverse and 
international context and go beyond applications for 
increasing the efficiency of food production or for 
biomedical research. It appears that the possibilities 
for taking ethical and social considerations into 
account in the assessment and authorisation of 
specific cases of GM animals, such as GM fish, GM 
mammals and birds, and GM insects. An initial 
inventory of worldwide developments in the field of 
GM animals clearly shows that the animals being 
developed are not limited to attempts to raise or 
improve the efficiency of food production. They 
include research into the contribution that can be 
made by genetic modification to increasing disease 
resistance in animals, producing medicinal 
compounds and human proteins, improving livestock 
quality and production, and controlling human 
infectious diseases. field trials are taking place with 
GM mosquitoes to control the infectious disease 
dengue fever, while similar techniques are being used 
to control malaria. The use of GM insects to control 
agricultural pests is in the pipeline. GM insects that 
carry human disease can be created so that they are 
incapable of transmitting the disease. Replacement of 
the wild population with such strains could reduce or 
eliminate disease transmission. Numbers can also be 
reduced by genetic modifications that interfere with 
reproduction. GM insects also have a role in studying 
the processes involved in the development of a fully 
formed adult from a fertilised egg. This is because 
insects share a great many genes in common with 
mammals, including humans, and the underlying 
mechanisms of development are similar. a GM pig 
has been developed that is less environmentally 
polluting, and a fast-growing GM salmon is in the 
final stages of the authorisation process. GM animals 
producing in their milk or other tissues substances of 
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benefit to humans have been developed for a number 
of reasons. (a) Many proteins, such as blood-clotting 
factors and antibodies, can be formed only in the cells 
of complex animals. (b) The proteins, such as human 
albumin, are required on a scale that would not be 
feasible with other methods such as mammalian cell 
culture. (c) Extracting material from human tissues is 
fraught with danger because of possible 
contamination with viruses. In agriculture GM 
animals are being developed primarily to produce 
disease-resistant animals, produce desirable 
alterations to growth rates or feed conversion 
efficiency, make leaner meat, and enhance anti-
microbial properties of milk for newborn animals. 
Much of the technology is at an early stage, further 
research will be needed before developments aimed 
at growth modification have commercial application. 
There is also need for a detailed analysis of the 
genetic control of normal muscle growth, 
development and physiology in animals, both in GM 
animals and also in animals bred via selective 
breeding techniques, so that any genetically altered 
trait is consistent with good welfare. 
 
III. METHOD  
 
All cells in living organisms contain genetic material 
made of the very complex molecule, deoxyribose 
nucleic acid (DNA). The proteins made within 
organisms - to grow, digest food, regulate bodily 
functions - are coded for by genes, which ‘code’ for 
particular proteins Most cells in the body contain a 
complete copy of the entire genetic code of the 
organism. In order to genetically modify an organism, 
the new gene construct (known as a transgene) must 
be inserted into the DNA of the host cell. If the new 
gene codes for a particular protein, then this protein 
may be expressed in the animal - this depends on the 
site at which the DNA integrates and whether the 
gene is ‘switched on’. GMOs contain foreign DNA 
sequences (not found in other individuals of the 
species) that were introduced into their genome by 
laboratory techniques. Foreign DNA sequences also 
occur in every individual: transposable elements, 
viruses always modify the genome of all living 
creatures. Recombination is a natural process, source 
of variability – driving force of evolution and the 
base of sexual reproduction. GMOs are produced by 
in vitro recombinant DNA technology (or genetic 
engineering, - the science of accurately designed 
genetic modification. The changes are precisely 
carried out and quality controlled at every level). 
Natural recombination is a random process, "errors" 
are eliminated by the death of the recombinant 
individual. 
 
One of the main goals of the field of genetics is to 
classify and functionally characterize individual 
genes. Genetic engineering is the deliberate 
modification of the animal’s genome using 

techniques of modern biotechnology. The genetic 
modification occurs at least through the use of the 
following three techniques: 1) Recombinant DNA 
techniques using vector systems; Viruses - 
particularly retroviruses - are often used as ‘vectors’ 
to introduce new genetic material into cells because 
they are naturally well equipped to infiltrate them. 
Retroviruses are a type of virus which replicates by 
integrating itself into the host DNA and is then 
copied with the host genetic material as the cell 
divides. 2) Techniques involving the direct 
introduction into an organism of heritable material 
prepared outside the organism including micro-
injection, macro-injection and microencapsulation; 3) 
Cell fusion (including protoplast fusion) or 
hybridisation techniques where live cells with new 
combinations of heritable genetic material are formed 
through the fusion of two or more cells by means of 
methods that do not occur naturally. Genetic 
modifications are carried out by the insertion of 
several smaller pieces of DNA from various sources, 
into the genome of the plant to be modified. A gene 
construct consists typically of three elements: 1) The 
promoter functions as an on/off switch for when and 
where the inserted/modified gene is active in the 
recipient plant. 2) The inserted/modified gene 
(structural gene) encodes a specifically selected trait. 
3) The terminator functions as a stop signal for 
transcribing the inserted/altered gene. In addition 
marker genes for distinguishing GMOs from non-
GMO during crop development may be present as 
well as residual DNA material from insertion 
plasmids. There is a new scientific technique called 
recombinant deoxyribonucleic acid (DNA). The 
concept was easy to understand: you take a gene out 
of one living thing and put it in another. The 
technology encompasses everything from the genetic 
modification of animals in order to improve their 
ability to produce food to animals that acquire the 
capacity to produce drugs or other natural proteins in 
their milk. Techniques were developed that would 
enable individual genes that make up a DNA code to 
be modified to express or suppress important traits 
such as fruit yield, wood quality, fat content or 
disease resistance – a process known as genetic 
modification (GM). GMOs are not a priori considered 
to be invasive but GM can potentially create changes 
that enhance the ability of an organism to become 
invasive. While GM transfers only short sequences of 
DNA relative to the entire genome of a plant or 
animal, the resulting phenotype, which includes the 
transgenic trait and possibly other accompanying 
changes, can produce an organism novel to the 
existing network of ecological relationships, and can 
therefore be potentially invasive. GM crops have 
been shown to crossbreed with crops or native plants 
growing nearby. Gene flow in itself is not a risk and 
often plays a part in plant breeding and evolution, 
though this evolution can lead to plants that are more 
difficult to control and increases the extinction risk 
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for rare species.  
Genetically modified mice are extremely valuable 
tools for studying gene function and human diseases. 
Although the generation of mice with specific genetic 
modifications through traditional methods using 
homologous recombination in embryonic stem cells 
has been invaluable in the last two decades, it is an 
extremely costly, time-consuming, and, in some cases, 
uncertain technology. The recently  CRISPR–Cas9 
genome-editing technology significantly reduces the 
time and the cost that are required to generate 
genetically engineered mice, allowing scientists to 
test more precise and bold hypotheses in vivo[27].  
 
The most rapidly developing genome editing 
technique is the RNA-guided endonucleases known 
as Cas9, originally derived from the microbial 
adaptive immune system CRISPR (clustered 
regularly interspaced short palindromic repeats), 
which can target virtually any genomic location of 
choice[29]. CRISPR is a segment of DNA containing 
short (20-50 bp) repetitive sequences. It was 
discovered in 1987 and was redefined in 2002[26]. 
CRISPR loci are present in the genomes of more than 
40% of bacteria and 90% of Archaea[26]. 
 
CRISPR/Cas systems were hypothesized to serve as a 
critical immune system to protect owners from 
pathogen invasion[28]. 
 
Bacteria and archaea can resist viral and plasmid 
challenges by integrating short fragments of foreign 
nucleic acid into the genome at a specific locus 
consisting of short (20-50 bp) DNA repeat 
sequences[24]. A prokaryotic chromosome can 
contain one or more CRISPR loci, In turn, CRISPR-
associated sequence (Cas) genes have been found on 
either side of the CRISPR loci[24]. The cas genes 
encode putative nuclease or helicase proteins, which 
are enzymes that can unwind and cut DNA[26]. The 
use of the CRISPR Cas9 method can thereby be 
described as a technique which is easy to use, 
inexpensive compared to other methods and as a 
technique that has a wide range of purposes. 
CRISPR-Cas9 has been rapidly adopted by the 
research community as a routine method to knock-in 
and knock-out DNA sequences in animals and plants, 
including foreign genes into predetermined ‘safe 
harbour’ sites in a host genome[25]. It is therefore 
understandable why research groups across the world 
are working with the CRISPR Cas9 method, 
especially when knowing that CRISPR Cas9 can 
induce site-specific, endogenous, genetic changes in a 
wide range of species including human, mouse, 
zebrafish and plants[24]. Research in model plants 
and animals, as well as some commercially important 
crops and livestock, has demonstrated that techniques 
such as CRISPR-Cas9 can generate targeted changes 
in the intended DNA sequence and lead to an altered 
phenotype[25]. CRISPR/Cas9 has been used to create 

chromosomal structure variation, including deletion 
and inversion, after co-transfection of cells with 
vectors expressing Cas9 and two sgRNAs targeting 
two loci on the same chromosome[27]. With its high 
efficiency and simplicity CRISPR/Cas9 and its 
modified versions have been widely explored in 
various organisms with many applications: gene 
mutation, gene expression repression or activation, 
and epi-genome editing. In plants, the application of 
CRISPR/Cas9 is just emerging[28]. The potential of 
CRISPR/Cas9 in crop genome editing and its 
applications are certain to be further developed over 
time as below Figure 1. 
 
Comparison Present Future 
Process Complicated  Simple 
Cost  High Low 
Vector Retrovirus  CRISPR-Cas9  
Accuracy Low High 
 

[Figure 1] : Global Status of GMO Technology. 
 
IV. RISK  
 
GMO opponents tell the story that GMOs are a new 
technology that poses known and unknowable 
dangers to human health, the environment and society 
at large. On the other side, proponents argue that 
GMOs are a harmless and necessary tool for saving a 
world threatened by over-population and a changing 
climate. 
 
One concern is that novel DNA from GM food could 
be taken up by microbes in the gut or tissues of the 
body. GM advocates that any DNA would be quickly 
degraded. Advocates of GM technology have argued 
that any novel proteins would be quickly degraded so 
that they wouldn’t enter bodily tissues. Others argue 
that transgenic DNA is specifically designed to cross 
species barriers and to jump into other genomes. 
 
Today, consumers are kept in the dark and are part of 
an uncontrolled, unregulated mass human experiment 
the results of which are unknown. Yet, the risks are 
enormous, it will take years to learn them, and when 
we finally know it’ll be too late to reverse the damage 
if it’s proved conclusively that genetically engineered 
foods harm human health. There are some reasons 
why GM plants present unique dangers. The first is 
that the process of genetic engineering itself creates 
unpredicted alterations, irrespective of which gene is 
transferred. The gene insertion process, for example, 
is accomplished by either shooting genes from a 
“gene gun” into a plate of cells, or using bacteria to 
infect the cell with foreign DNA. The insertion 
process causes holistic and not-well-understood 
changes among large numbers of native genes. The 
possibility of unexpected, accidental changes in 
genetically engineered plants might produce 
unexpected high concentrations of plant toxicants. 
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The same mechanism can also produce allergens, 
carcinogens, or substances that inhibit assimilation of 
nutrients. There is sufficient evidence that meal-
derived DNA fragments carry complete genes that 
can enter into the human circulation system through 
an unknown mechanism. Bloodstream in human 
body is considered to be an environment well 
separated from the outside world and the digestive 
tract. Large macromolecules consumed with food 
cannot pass directly to the circulatory system. During 
digestion proteins and DNA are thought to be 
degraded into small constituents, amino acids and 
nucleic acids, respectively, and then absorbed by a 
complex active process and distributed to various 
parts of the body through the circulation system. 
Some studies show evidence that meal-derived DNA 
fragments which are large enough to carry complete 
genes can avoid degradation and through an unknown 
mechanism enter the human circulation system. But, 
this still doesn’t mean that GMOs can enter into our 
cells, it is safe to assume it is indeed a possibility to 
induce cancer through GMO. Consumers eat these 
foods daily without knowing the potential health risks. 
Recently, animal research has suggested that 
genetically modified foods are causally related to 
carcinogenesis[20]. .  
 
The risk assessment of genetically modified (GM) 
crops for human nutrition and health has not been 
systematic. Evaluations for each GM crop or trait. 
The most common results is that GM and 
conventional sources include similar nutritional 
performance and growth in animals. However, 
adverse microscopic and molecular effects of some 
GM foods in different organs or tissues have been 
reported. While there are currently no standardized 
methods to evaluate the safety of GM foods, attempts 
towards harmonization are on the way. More 
scientific effort is necessary in order to build 
confidence in the evaluation and acceptance of GM 
foods.  
 
GMOs produce massive changes in the natural 
functioning of plant’s DNA. Native genes can be 
mutated, deleted, permanently turned off or on….the 
inserted gene can become truncated, fragmented, 
mixed with other genes, inverted or multiplied, and 
the GM protein it produces may have unintended 
characteristics that may be harmful. 
 
Potential environmental risks of GM crop —
particularly gene flow into other species—have 
eclipsed food safety as a primary concern. As pollen 
and seeds move in the environment, they can transmit 
genetic traits to nearby crops or wild relatives. Many 
self-pollinating crops, such as wheat, barley, and 
potatoes, have a low frequency of gene flow, but the 
more promiscuous, such as sugar beets and corn, 
merit greater concern. The risks associated with gene 
flow—such as creating weeds from introduced traits, 

reducing biodiversity, or harming nontarget species—
are similar to those from conventionally bred crops. 
Safety testing for GM foods is far below the best 
practice of human safety testing. For test procedure to 
apply to GM foods, animals should be fed each GM 
food - one food per experiment - under investigation, 
and the results compared with results in animals fed 
the equivalent non-GM food. Animals should be fed 
for long enough to determine any cancer risk. Foods 
should also be fed to pregnant animals to determine 
any effect in new-born animals. At a minimum, 
biochemistry, immunology, tissue pathology, 
microscopy, and gut, liver and kidney function should 
be measured. If the food passes these tests, then the 
four phases of a clinical trial should be undertaken. 
This is where volunteers would be fed the foods for at 
least several months. However, even these studies 
cannot determine the long-term health effects of GM 
foods on humans. To do this, long-term cohort 
studies are required, where people’s current 
selfselected exposure to various GM foods are 
measured over future years and any diseases noted as 
they arise.  
 
CONCLUSION 
 
Genetic engineering directly alters plant genomes in 
the lab, deleting or rearranging native genes, or 
adding genes from different species. It is a powerful 
tool that can help us farm responsibly and sustainably 
by minimizing damage to the environment and 
prioritizing the health of both people and animals . 
Genetic engineering can help develop biologically-
oriented, sophisticated, and elegant approaches to 
address agricultural problems. For the purpose of 
maximizing the benefit of GE [genetically engineered] 
plants, it would best be integrated into an organic 
farming system. Organic farming strives to keep crop 
yields high without ruining the environment or 
sacrificing the health of people and animals. 
Scientists recently developed a breakthrough 
technique known as CRISPR, which allows them to 
add, remove, and swap genes with much greater 
speed and precision than ever before. The world’s 
agricultural system faces a great balancing act. To 
meet different human needs, by 2050 it must 
simultaneously produce far more food for a 
population expected to reach about 9.6 billion. 
Genetic engineering is also the most promising way 
to increase food production on existing agricultural 
land; 
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