
488 T he concept of sustainable development is the basis of 
a wide variety of international and national policies. 
The world population continues to expand 80 million 
people per year while the demand for natural resour-

ces continues to increase. Policies, treaties, and important 
goals underpin the notion of sustainable development. In this 
document, we discuss and test a variety of scientific literature 
related to the use of transgenic crops to achieve sustainable 
development objectives1.

There is a lot of pressure to not only expand the list of 
transgenic crops, and the percentage of their uses but also ad-
ding the possibility of marketing genetically modified animals. 
The main problem with the use of transgenic products is that, 
at present, the consequences of their consumption in humans 
in the short and long term are not really known. The use of 
genetically modified organisms (GMOs) increases companies’ 
profits since the size of the plants can be greater (as the pests 
do not affect the crops are much larger and more abundant, 
etc.).

There are increasingly voices that demand not the elimi-
nation of these products, but rather more exhaustive and rigo-
rous analyzes that ensure that they do not affect, or affect, the 
human being in the immediate future.

Lets discuss then how GMO arise
Horizontal gene transfer (HGT) is the movement of genetic 

material between unicellular and/or multicellular organisms, 
which is not through vertical transmission (the transmission of 
DNA from parents to their offspring). It was first described in the 
40s in microorganisms and 20 years later it has shown that it has 
a fundamental role in the adaptation to the environment of eukar-
yotic organisms, specifically in plants2.

The first rule in horizontal gene transfer seems to be to pro-
duce no damage, the genes that are integrated into the genome of 
another organism related or not, are often expressed at low levels 
and code for functions at the periphery of the host organism me-
tabolism. However, these neutral acquisitions can provide novel 
combinations of genetic material so that natural selection can 
choose the best-adapted organisms. Sometimes, the transferred 
material evolves and produces a beneficial phenotype. In other 
cases, when the imported genes remain neutral and there is no 
obvious benefit associated with their retention, they are likely to 
be lost over time3.

Mankind has been altering the genomes of plants and ani-
mals for many years using traditional breeding techniques. Arti-
ficial selection for the desired specific traits has resulted in a va-
riety of different organisms, ranging from the most pest-resistant 
corn to the different breeds of pets. But this artificial selection, 
in which organisms that exhibit specific traits are chosen to en-
gender later generations, has been limited to natural variations. 
In recent decades, however, advances in the field of genetic engi-
neering have allowed precise control over the genetic changes in-
troduced into an organism. Today, we can incorporate new genes 

from one species into a completely unrelated species through 
recombinant DNA techniques, optimizing agricultural yield or fa-
cilitating the production of valuable pharmaceutical substances. 
Farming plants, farm animals, and soil bacteria are some of the 
most prominent examples of organisms that have undergone ge-
netic engineering4.

After the successful expression of the first recombinant 
proteins in bacteria and yeast, it became evident that numerous 
human proteins could not be produced efficiently using such sys-
tems because human proteins do not undergo post-translational 
modifications in bacterial cells, and The nature of the modifica-
tions in the yeast cells is different from those that take place in 
human cells such as for example glycosylation patterns. Fur-
thermore, these expression systems cannot guarantee adequa-
te folding of a series of human proteins, therefore, the research 
community faced the challenge of developing alternative expres-
sion systems capable of guaranteeing correct post-translational 
modifications. A simultaneous development of two technologi-
cal models (based on transgenic animals and cultures of mam-
malian cells) was initiated giving, as a result, the first successful 
production of transgenic mammals5.

The first successful production of transgenic mammals by 
the microinjection of genetically modified constructs in the pro-
nucleus of a mouse zygote was carried out more than 20 years 
ago6. In the US market UU for 2012, a total of 193 products were 
obtained using cultures of mammalian cells. This has been lar-
gely attributed to the fact that it was not until 2006 that the Eu-
ropean Agency for the Evaluation of Medicines (EMEA) approved 
antithrombin, the first recombinant protein derived from the milk 
of transgenic goats. This protein was later approved for commer-
cialization by the United States Food and Drug Administration 
(FDA) as a medicine that prevents blood clotting in patients with 
hereditary antithrombin deficiency. In 2011, the EMEA approved 
the use of the recombinant c1-esterase inhibitor produced in ra-
bbits for the treatment of hereditary angioedema. The arrival on 
the market of the first therapeutic products produced with trans-
genic animals and their approval for medical use suggest that 
recombinant proteins could forge an important niche in biotech-
nology in the near future7.

Agricultural plants are one of the most cited examples of 
GMOs. Some benefits of genetic engineering in agriculture trans-
late into higher yields, lower costs of food or drug production, 
less need for pesticides, higher nutrient composition, food quality, 
resistance to pests and diseases, greater food security and be-
nefits doctors for the growing world population. Advances have 
also been made in the development of crops that mature faster 
and tolerate aluminum, boron, salt, iron, drought, frost and other 
environmental stressors, allowing plants to grow in conditions 
where they would not bloom. Several animals have also been ge-
netically modified to increase yield and decrease susceptibility to 
disease. For example, salmon and tilapia have been designed to 
grow and mature faster and cattle have been improved to show 
resistance to mad cow disease8.
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The aquatic environment is connected to the surrounding 
agricultural landscapes, which regularly serve as sources of 
stressors such as agrochemicals. Genetically modified crops, 
which are grown on a large scale in many countries, can also act 
as stressors. Despite the commercial use of GMOs for over 20 
years, its impact on the aquatic environment was only 10 years 
ago. The analysis of effects studies reveals that only a narrow 
range of organisms has been tested and that studies on the com-
binatorial actions of stressors are practically absent. The analysis 
of the destination studies shows that many aspects, such as the 
fate of leached toxins, the degradation of plant materials and the 
distribution of crop residues in the aquatic habitat, are not suffi-
ciently investigated. Along with these research needs, we identify 
the standardization of test methods as a matter of high priority, 
both for research and for the evaluation of risks necessary for the 
regulation of GMOs9.

History of international regulations for GMO research and 
development

In 1971, the first debate about the risks to humans of expo-
sure to GMOs began when a common intestinal microorganism, 
E. coli, became infected with DNA from a tumor-inducing virus10. 
Initially, safety issues were a concern for people working in labo-
ratories with GMOs, and for nearby residents. However, the sub-
sequent debate arose out of concern that recombinant organis-
ms could weapons. The growing debate, restricted to scientists, 
eventually spread to the public, and in 1974, the National Institu-
tes of Health (NIH) established the Recombinant DNA Advisory 
Committee to address some of these problems.

In the 1980s, when deliberate releases of genetically modi-
fied organisms took place in the environment, the United States 
had few regulations in force. Adherence to the guidelines provided 
by the NIH was voluntary for the industry. Also during the 1980s, 
the use of transgenic plants was becoming a valuable effort for 
the production of new pharmaceutical products, and individual 

companies, institutions, and countries saw biotechnology as a lu-
crative means of earning money. The worldwide commercializa-
tion of biotechnological products generated a new debate on the 
patentability of living organisms, the adverse effects of exposure 
to recombinant proteins, questions of confidentiality, the morality 
and credibility of scientists, the role of government in regulating 
science and other matters. In the USA the initiatives of the Te-
chnology Assessment Office of Congress were developed, which 
were adopted throughout the world as a top-down approach to 
advice policymakers in predicting the social impacts of GMOs.

Then, in 1986, a publication of the Organization for Econo-
mic Cooperation and Development (OECD), called “Recombinant 
DNA Security Considerations,” became the first intergovernmen-
tal document to address issues related to the use of GMOs. This 
document recommends that risk assessments should be ca-
rried out on a case-by-case basis. Since then, the case-by-case 
approach for risk assessment for genetically modified products 
has been widely accepted; however, the USA they have generally 
adopted a product-based evaluation approach, while the Euro-
pean approach is more process-based. Although in the past there 
was a lack of comprehensive regulation in many countries, gover-
nments around the world now meet public demands and apply 
more stringent testing and labeling requirements for genetically 
modified crops11, 12.

In Ecuador, the commercialization of foods with transgenic 
content is restricted. The regulations apply both to products that 
come from abroad and to those that are made throughout the 
nation. Current regulations not only regulate their commerciali-
zation, but they also prohibit the experimentation, production, and 
cultivation of these organisms. The Ecuadorian Constitution, in its 
Article 14, states that the use of genetically modified organisms 
(transgenic) is prohibited since they harm human health and un-
dermine food sovereignty. The restrictions on these organisms in 
Ecuador dates from 1999 when under the government of former 

Figure 1. By Keith Weller, USDA - This image was released by the Agricultural Research Service, the research agency of the 
United States Department of Agriculture, with the ID K7743-13 (next)., Public Domain, https://commons.wikimedia.org/w/index.
php?curid=185217
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President Jamil Mahuad, these regulations were established.  
Faced with this legal impediment, the only way to access the-
se products was through imports. On August 18, 2000, through 
the Health Registration and Control Regulation, it was specified 
that only transgenic products with the approval of the Ministry 
of Health could enter the country13. That same year, through the 
Organic Law of Consumer Protection, the right of access to in-
formation on a transgenic product is established. The legal body 
stated: “If the products for human consumption or livestock to be 
commercialized have been obtained or improved through gene 
transplantation or in general genetic manipulation, this fact shall 
be noted on the product label, in highlighted letters.” From this 
background, Ecuadorian laws have restricted the production and 
commercialization of transgenic through different regulations 
that have reinforced this intention over the last two decades14.

Increased research and improved security go hand in 
hand

Advocates of the use of GMOs believe, with proper research, 
these organisms can be traded safely. There are many experi-
mental variations in the expression and control of modified genes 
that can be applied to minimize potential risks. Some of these 
practices are already necessary as a result of new legislation, 
such as avoiding the transfer of superfluous DNA (vector sequen-
ces) and replacing the selectable marker genes commonly used 
in the laboratory (antibiotic resistance) with harmless markers 
derived from plants12.

Issues such as no differentiating between the GMO and the 
regular plant could be overcome by incorporating identification 
factors, such as pigmentation, that facilitate the tracking and 
separation of genetically modified products from non-genetica-
lly modified products. Other incorporated control techniques in-
clude having inducible promoters (eg, stress-induced, chemicals, 
etc.), geographic isolation, using sterile male plants and separate 
growth stations4.

Conclusions
A considerable amount of evidence has accumulated since 
the first commercial crop of transgenic based products, sug-
gesting that they can contribute to the three traditional pillars 
of sustainability, economics, environment, and society. As the 
world population continues to rise, the evidence reviewed here 
suggests that it would be unwise to ignore GMO crops as one 
tool that can help meet aspirations for sustainable global de-
velopment.

GMOs benefit humanity when used for purposes such as in-
creasing the availability and quality of food and medical care 
and contributing to a cleaner environment. If used wisely, they 
could improve the economy without causing more harm than 
good, and they could also take advantage of its potential to 
ease hunger and disease around the world. However, the full 
potential of GMOs cannot be realized without due diligence 
and attention to the risks associated with each new GMO on a 
case-by-case basis.
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