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ABSTRACT

The area of Biotechnology has been both interesting and surprising from the beginning. At first, the
scientists were filled with apprehension regarding the cessation of this technology's usage. It is more prudent to
be cautious when making alterations to nature as the resulting outcomes remain unpredictable. Utilizing this
innovative technology to enhance the nutritional value of food and combat illnesses is a logical approach. The
process of creating GMOs involves extracting specific genes from one organism and inserting them into a different
organism to generate modified living entities. This process usually gives the new organism specific traits that we
want it to have. GMOs can be plants, animals, or enzymes that have been genetically modified. Some genetically
modified organisms (GMOs) have been given permission by government agencies to be used for business and to
be eaten, while others are still being reviewed by these agencies. Some GMOs are still being tested in laboratories.
Genetic modification or genetic engineering of organisms can be put into groups:
Green genetic engineering, also known as agro-genetic engineering, is all about creating genetically modified
plants for use in farming and food production , Genetic engineering in red/yellow is used in medicine, tests for
genetics, and gene therapy, as well as to make drugs like insulin and vaccines , Bacteria or yeast: These micro-
organisms are created by changing their genes to make them produce specific chemicals. The chemicals they
produce are used in industries to make things like medicine or other products.
Keywords: GMOs, Biotechnology, Cloning, Vectors, Genetic engineering

INTRODUCTION

Biotechnology refers to a collection of sophisticated technologies that harness the power of living
organisms or their biological processes to produce innovative and beneficial goods and procedures [,
Biotechnology encompasses a diverse array of practices, ranging from traditional beer and bread production
techniques to genetically modifying plants, animals, and even humans.

The current period highly values the importance of biotechnology as a technology. It can be used in many different
ways in farming, healthcare, making food, protecting the environment, mining, and even for very small electronic
devices. Nevertheless, apprehensions persist regarding the safety and ethical ramifications linked to the
application of emerging technologies in altering the genetic structure and attributes of living organisms,
encompassing humans, plants, and animals. !
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1.1 Biotechnology and Health

For the past few decades, the primary objective of genetic engineering in modern biotechnology has
shifted towards improving human health, instead of concentrating on genetically modified crops and food
products, which have received significant attention from the public. The main focus of global research and
development in biotechnology today is to enhance health, including advanced utilization of gene technology.

Many different methods are used in modern medicine to develop drugs and treat diseases. Sometimes,
genetic engineering is used to make both the process and the result. In simple terms, gene technology is sometimes
used as a tool to make new products like medicines .

1.2 Biotechnology Development

In red biotechnology, scientists harness organisms to produce medication by engineering bacteria capable
of eradicating other bacteria and manipulating genes to treat diseases. Green biotechnology involves using science
to improve plants for farming. This could mean choosing plants that are better at growing or making plants that
can handle different difficult conditions Bl. White biotechnology encompasses the generation of important
industrial chemicals using living organisms or their enzymes, which fall under the scope of white biotechnology.
This can include designing organisms to make helpful chemicals or using enzymes to produce valuable substances
or get rid of dangerous ones. Blue biotechnology refers to the use of technology and scientific knowledge in
marine and water environments [, In the past, people used biotechnology to make different foods. They made
wine by fermenting fruit juices, cheese by turning milk, and used yeast to bake. Modern biotechnology originated
from Mendel's experiments on how plants inherit genetic traits during the 1800s. In 1953, Watson & Crick
discovered the double spiral shape of DNA, which started a big change in biology to understand how genes work.
Modern biotechnology uses techniques to change genetic information in order to move genes from one organism
to another and highlight specific traits. This process called "genetic engineering" creates a genetically modified
organism (GMO) [l, The methods are used in both new and old industries, like making beer, producing vaccines,
getting rid of pests, and manipulating genes. Biotechnology is divided into different areas. The main ones are
industrial biotechnology, tissue culture, and molecular biotechnology &1,

1.3 Genetically modified organisms (GMO)

The area of genetic engineering has been both interesting and surprising from the beginning. The
scientists were worried and agreed to temporarily stop using this technology.

We cannot have total assurance when modifying nature, due to the potential for unpredictable
consequences 1%, It is recommended to exercise caution for this very purpose. Employing this new technology to
enhance nutrition and combat disease appears to be a sensible decision. GMOs are created by combining different
genes together. A GMO is a living thing that can be very small, like a Microorganisms, or bigger, like an animal
or a plant. Right now, most genetically modified organisms (GMOs) that are sold are plants 1,

1.4 Genetically Modified Microorganism

1) Microorganisms are tiny living things that can reproduce or transfer genetic material. Examples include cellular
and non-cellular entities such as viruses, viroids, and laboratory-cultivated animal and plant cells.

2) A genetically modified micro-organism (GMM) refers to a micro-organism whose genetic material has been
intentionally modified in a manner that does not occur naturally through mating or natural recombination 12,

In 1986, the European Commission (EC) embarked on research regarding genetically modified (GM)
crops and foods. There is no proof of potential harm to humans or the environment in this study I,

1.5 Genetically Modified Plant

Through the utilization of conventional breeding techniques, individuals have been able to produce plants
possessing favorable attributes for a considerable duration. They pick the traits they want, mix them together, and
then spread them to many generations through mixing their genetic material. This takes a very long time, up to 15
years, to make new types of plants 141,
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Plants that have been altered through the use of recombinant DNA are known as genetically modified
plants. This technique can add genes that are not normally found in plants or modify the genes that are already
inside the plants. These genes make proteins that give the plant special advantages 5161,

DNA recombinant technology can be used in many different ways, such as making plants able to
withstand tough conditions like lack of water, very hot or cold temperatures, or high salt levels. It can also protect
plants from harmful bugs and diseases that would usually harm or kill them. Technology can also be used to make
plants more nutritious, which could be very helpful in poorer countries. Scientists are making new types of
genetically modified crops that are used to make medicines and products like antibodies, vaccines, plastics, and
biofuels [,

1.6 Application of GMOs in Food:

Since the 1990s, there has been ongoing discourse between scientists and the public regarding the
integration of GMOs into the environment and the commercialization of food products derived from them [,

The use of recombinant DNA technology is perceived as an advantageous method for enhancing crop
yield (first generation GMOs) and promoting healthier food options (second generation GMOs). It can also be
used to create vaccinations and medicines (third generation GMOs). People who support GMOs say that they are
important for making farming more sustainable. They believe that GMOs can help protect the environment by
using less pesticides, saving fossil fuels, producing less carbon dioxide, and keeping soil and water healthy. People
who like GM crops believe they are very important for solving the big problem of not having enough food and
good nutrition in poor countries 19,

When it comes to human health, there are two main concerns. One is that allergens could get into new
foods, which could cause allergic reactions in people. The other concern is that genes from genetically modified
foods could end up in human cells or in gut bacteria, and this could cause problems. This discovery explains when
genetic material is transferred, it can have bad adverse health effects [,

1.7 Aquatic Genetically Modified Organisms: Transgenic Salmon:

Transgenic salmon is at the very top of the list. Some people who are involved in aquaculture believe
that (GMOs) in water could make aquaculture even better 21,

Making food conversion rates more efficient or enhancing the digestion of plant-based feed. It could also
happen by controlling how often animals reproduce and what sex they are (sometimes one sex grows better than
the other; only breeding one sex can prevent loss of growth due to competition). Animals could also become better
at fighting off diseases or parasites, or better at handling certain environmental conditions like temperature.
Changes in behavior, such as aggression, may also occur. Some people believe that (GMOs) created for aquatic
environments can help reduce the harmful impact of fish farming on the environment. Moreover, they may

develop fresh organisms that possess medicinal qualities or possess the capacity to recognize and assess pollutants
[22,23]

1.8 Genetically Modified Organism (GMO) in Medicines & Pharmacy:

The study of gene therapy and (GMO) medicines is being carried out by scientists to explore their
potential effectiveness in various medical conditions. There is a significant increase in the number of clinical trials
testing this new type of treatment 4, Cytotoxic drugs, which are potentially dangerous, are skillfully dealt with
by pharmacists. On the other hand, genetically modified drugs often utilize viral vectors, which can be perceived
as a biological risk 2,

Medicines derived from (GMOs) involve the use of altered genes to effectively combat various diseases
1261, The Therapeutic Goods Administration (TGA), which is a local organization, defines GMO medicines as
organisms that have been changed genetically and are made to be used as medicines. This means the different
types of vaccines that are used, which can include vaccines with weakened viruses, vaccines with modified viruses
that act as carriers, and vaccines with altered body cells 27

Since ancient times, humans have utilized plants and their extracts to cure various ailments, dating back
to the Neanderthal era. Throughout history, people have relied on the healing properties of plants and their
derivatives to combat illnesses. From the Neanderthal period onwards, individuals have employed plants and their
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extracts as remedies for human diseases. In the 17" century, botanical gardens gave a lot of materials and
medicines for teaching how to use plants for healing. Herbal medicine became popular until the 17th century when
more scientific remedies were found.

In many cases, the active compounds in medicinal plants have been identified and isolated. Currently,
around 25% of prescription medicines come from plants 281, Biotechnology has made people more interested in
finding new medicines from plants. Genetic engineering is a process that uses plants to make various proteins like
antibodies, blood substitutes, vaccines, and other medical treatments. [2°],

The implementation of drug delivery systems contributes to mitigating the detrimental consequences and
enhancing drug absorption and effectiveness in the body [, Extensive research has led to the development of
various drug delivery systems. Two of these carriers are made using chemicals and the other two are made using
genetic engineering B4, These two types of carriers are different in many ways, such as their features, how they
are made, and how harmful they are to cells.

Despite advancements in genetic engineering, it still possess the capacity to manipulate the fundamental
molecules utilized for creating minuscule carriers *21. This ability allows for the creation and changes of unique
qualities, such as how a substance breaks down in the environment, and the structure of the substance itself, in
order to meet specific needs for different uses. Genetically engineered drug carriers are not being studied as much
as chemically made ones, but they have a lot of potential for different uses. When it appeared, it created several
carriers that have special abilities for medical use. Examples of these technologies could be a powerful but safe
form of doxorubicin B3, a tiny, engineered particle that specifically attacks the coxsackievirus and adenovirus
receptor, and proteins derived from nature that trap and deliver drugs that are not soluble in water [34],

2. Polymerase Chain Reaction (PCR):

Polymerase Chain Reaction (PCR) is a method in biology that creates many copies of a specific segment
of DNA. It can make thousands to millions of copies from just one or a few initial copies. Polymerase Chain
Reaction (PCR) was created in 1984 by Kary Mullis, an American biochemist. Mullis got two important awards,
the Nobel Prize and the Japan Prize, in 1993 for inventing PCR [, In 1971, Gobind Khorana explained the
concept of DNA replication by utilizing two primers 81, PCR is commonly used and is a very important technique
in medical and biological research labs. It is used for many different purposes . (PCR) has rapidly gained
popularity in molecular biology due to its speed, affordability, and user-friendly nature. Despite poor quality DNA,
this technique effectively enhances the quantity of targeted DNA fragments, even if they are originally present in
minimal amounts. Role of PCR technique in Biotechnology field considered useful tool in clinical diagnostics,
forensic investigations, and agricultural biotechnology. These applications require reliable performance, superb
sensitivity, and stringent specifications. As such, thermal cyclers and reagents must be compliant to and specially
designed for these purposes. Examples of molecular diagnostics include genetic testing, detection of oncogenic
mutations, and testing for infectious diseases. In forensics, human identification by PCR relies on amplification
of unique short tandem repeats (STRs) on gDNA to differentiate individuals. In agriculture, PCR plays an integral
role in food pathogen detection, plant genotyping for breeding, and GMO testing 381

2.1 PCR Steps:

There are three important steps in the PCR technique: separating the DNA strands, attaching the primers,
and copying the DNA strands (see Figure 1).

During the denaturation phase, DNA is exposed to high temperatures ranging from 90 to 97 degrees
Celsius. In the second step, primers stick to the DNA strands and prepare for extension. In step three, the annealed
primers at the end are extended to make a matching copy of the DNA strand. This makes the amount of DNA
double during the third part of the PCR process. To make more copies of a specific part of DNA using PCR, the
sample is first heated to separate the DNA into two single strands. Afterwards, a special protein called "Taq
polymerase" creates two fresh copies of DNA by using the original DNA strands as a guide. This process makes
more copies of the original DNA 71, Each of the new copies has one strand from the original DNA and one new
strand. Then each of these strands can be used to make two more exact copies. The heating process occurs at a
cooler temperature, between 50 to 60 degrees Celsius. This helps the primers to join with the matching template
strands, which is quite helpful in forensic chemistry. The new DNA strand made from the primer attached to the
template is used to make exact copies of the original template strands that are wanted. Tagq polymerase adds
nucleotides to the primers that are joined together. During the extension phase, the primers are amplified by an
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enzyme called Taq polymerase at a temperature of around 72°C for a duration of 2-5 minutes. DNA polymerase
I cannot be used to make the primers longer because it doesn't stay strong enough at the high temperatures needed
for PCR. The PCR process is much quicker than other methods, and in each cycle, the number of desired DNA
copies is doubled. After repeating the process 25-30 times, there will be enough copies of the initial DNA sample
to use for experiments (39,
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Figure 1. Polymerase Chain Reaction Technique. B9

2.2 Applications of PCR

PCR has been instrumental in facilitating the investigation and discovery of a growing range of illnesses.
This method has been used for a long time in laboratories that study or work with nucleic acids. Determining and
measuring changes in how genes are expressed has helped us understand diseases better. Additionally, it assists
in the creation of diagnostic instruments and the execution of fundamental investigations in microbiology and
molecular biology B¢, Forensic labs utilize PCR, which is advantageous due to its requirement of only a small
quantity of initial DNA. For instance, that can collect enough DNA from a drop of blood or a single hair.
Qualitative PCR can be used to find human genes as well as genes of bacteria and viruses. Many viruses have
RNA as their genetic material. Therefore, before performing PCR, the viral RNA must be converted to DNA. This
process is called transcription. Reverse transcription (RT-PCR) is utilized for this reason 1,

The genetic code is universal. It means that genetic information is always borne by DNA whatever the
organism (bacteria, fungus, plant or animal). Thus, DNA is easily recombined and transferred from one organism
to another. Furthermore, DNA is a ubiquitous molecule as all the cells that form an organism contain the same

DNA. In addition, DNA is a resistant molecule, in the sense that it is quite resistant to heat and acidity variations
[41].

2.3 Plant Tissue Culture:

In vitro culture methods play a crucial role in multiple aspects concerning plants, such as producing disease-
free plants, rapidly cultivating uncommon plant varieties, altering genetic traits in plants, and extracting valuable
commercial compounds from plants [“21,

2.4 Methods of Plant Tissue Culture:

There are many ways to grow plants in a lab, and two of the most popular methods are shown in figure (2).
Organogenesis is the process of making plant organs like roots or shoots. This can happen either directly from
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meristems (where cells divide and grow) or indirectly from dedifferentiated cells called callus. The cultures that
are formed can be used later to make a lot of plants or to make specific parts of plants grow bigger (like roots in
hairy root culture). The process of callogenesis creates a shapeless group of cells when explants are exposed to
various growth stimulants. The hard and thickened tissue called callus can be used to grow new plants. It can also
be increased in size to produce important substances in cell cultures (see Figure. 2) [*2,

Plant tissue culture methods have certain steps. To begin, it chooses the plant that we are interested in.
This choice usually depends on what we want to study, but it is best to choose plants without diseases or insects.
Sometimes, we may need to use chemicals like fungicides and pesticides before proceeding. The next thing that
do is start the process of growing something outside of its natural environment. To complete the process, we need
to cut small parts of plants (called explants) or use seeds and clean them with chemicals to remove any germs on
the surface. The plant tissues are put into the right liquid and kept for a little while. If some of the tissues are
contaminated, they're thrown away. The ones that are still okay are moved to the next part of the process. The
steps needed depend on the type of culture you want. During organogenesis, explants are grown on specific culture
media to produce more shoots or roots. In callogenesis, the callus is also multiplied. Next, the callus and root
cultures are grown in larger quantities using special containers called bioreactors. As for micropropagation, the
shoots that have been grown are moved to a different type of culture media that helps them develop roots. Finally,
the small plants that were grown using a special method are made stronger so that they can grow on their own and
make food through photosynthesis. The hardening process is done slowly, which helps the plants get used to
conditions outside of their usual environment. Usually, the plants are moved from places with a lot of moisture to
places with less moisture, and from places with less light to places with more light I,
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Figure 2. Diagram of current methods employed for the large-scale production of bioactive compounds
using plant in vitro tissue culture. [

2.5 Growth, Nutrition and Prevention of Pathogens in Tomato
Transformation of LeMYC2 gene in tomato:

From a commercial standpoint, tomatoes that are shorter in stature are preferable to those that are higher
since reproductive growth is more significant than vegetative growth. Several genetic promoters have been found
to favor reproductive growth while suppressing vegetative development. The promoters in charge of promoting
root development and suppressing vegetative length are LeMYC2 and MY C2. In the end, they are said to increase
tomato crop output by promoting fruit growth. Thus, their modification is advantageous for tomato yield 4],

2.6 Against Viruses:
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Transformation of Coat protein gene from Tobacco Mosaic Virus in tomato:

The primary natural adversaries of living things are viruses. In a similar vein, viral infections can very easily
infect plants. The tomato crop has suffered losses due to the tobacco mosaic virus (TMV) and tomato mosaic virus
(ToMV). Due to this viral onslaught, yield reductions in the tomato crop of between 25 and 30 percent have been
documented. More than 90% of tomato plants' resistance to TMV and ToMV is produced by coat protein genes
(CP genes). Using Agrobacterium-mediated transformation, CP genes were incorporated into tomato genetic
makeup to produce viral resistance I,

2.7 Against Fungus:
Wasabi defensing gene (WD) expression in tomato:

The fungus that causes the most trouble for tomatoes is Fusarium oxsporium. According to studies, peptides
rich in cysteine can prevent the growth of fungus. The tomato crop is protected from fungal attack by wasabi
defending (WD) genes, which are abundant in cysteine peptides. With an Agrobacterium-mediated transformation
technique, the wasabi defense (WD) gene was introduced into tomato plants. Wasabi defense genes (WD) were
expressed in roots using root-specific promoters, such as LjNRT2. Hence In tomato plants, WD genes can
successfully inhibit fungus 61,

2.8 Applications of Genome Editing CRISPR-Cas9 in Plant Biotechnology

CRISPR/Cas genome editing has been becoming a mature cutting-edge biotechnological tool for crop
improvement that is already used in many different traits in crops, including pathogen resistance, abiotic tolerance,
plant development and morphology and secondary metabolism and fiber development.

CRISPR/Cas9 system is a robust and powerful biotechnological tool for targeting an individual DNA and RNA
sequence in the genome. It can be used to target a sequence for gene knockin, knockout and replacement as well
as monitoring and regulating gene expression at the genome and epigenome levels by binding a specific sequence.
Agrobacterium-mediated method is still the major and efficient method for delivering CRISPR/Cas regents into
targeted plant cells. However, other delivery methods, such as virus-mediated methods, have been developed and
enhanced the application potential of CRISPR/Cas9-based crop improvement. PAM requirement offers the
CRISPR/Cas9-targted genetic loci and also limits the application of CRISPR/Cas9. Discovering new Cas proteins
and modifying current Cas enzymes play an important role in CRISPR/Cas9-based genome editing. Developing
a better CRISPR/Cas9 system, including the delivery system and the methods eliminating off-target effects, and
finding key/master genes for controlling crop growth and development is two major directions for CRISPR/Cas9-
based crop improvement. [*7]

2.9 Plant-made Pharmaceuticals and other Bioengineered Products:

Transgenic plants were often used as another way the production of pharmaceutical proteins. A transgenic
system has many benefits, which include effective costs, more ease of scale-up and delivery, less risk of
contamination with mammalian pathogens, and eukaryotes protein processing. Even though there was quite the
potential for the method, the last 20 years since its preface, transgenic biomolecules (mostly orally delivered,
plant-made vaccines) continued to decline in Phase | of clinical trials of humans. It was only in the present decade
that a breakthrough has been made, and plant-dependent products are now getting into Phase 11 trials and beyond
that (481,

Table 1 shows the first ever plant-made recombinant therapeutic proteins for humans confirmed for commercial
sale in 2014. Examples include, the first vaccine approved by the FDA to use against Newcastle disease virus,
Manufactured by Dow Agrosciences. The vaccine is based on tobacco suspension cultures. Also, the human-made
antibody by Synthon and Nijmegen, for non-Hodgkin’s lymphoma, is plant-based on Duckweed leafy biomass.
The antibody for HIV and Serum albumin are among other examples 9. This shows that field growth can be
assigned to some of the difficulties of the method, such as low products, undesired glycosylation of the yields,
purification and processing obstacles, and the challenges presented in creating a new manufacturing industry 1,
Some of these difficulties can be fixed by proper plant selection. For example, using maize or lettuce, that are
both edible and harm-free, can minimize the necessity for purification demanded for parenteral pharmaceuticals
preparation, thereby decreasing the costs 552,
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In addition, valuable traits can be preserved by selecting desirable characteristics and utilizing
appropriate techniques such as backcrossing or inbreeding. 3. Plants have small amounts of active substances
and some new useful compounds, such as vaccines, that are not normally found in plants. This has created a need
for tools that can alter the genetic material of plants. Plant genetic engineering has been used since the 1980s. At
first, it was done using Agrobacterium, and later, through a process called transformation mediated by particle
bombardment. These two methods have been helpful for many different plants. They allow for the increased
production of special substances or the creation of medicines using plants. However, despite being successful,
these techniques encounter several obstacles that limit their use in many situations 54,

Table 1. List of some pharmaceuticals produced in plants [49]

Plant-made Plant Use Manufacturer/Notes
pharmaceutical

Vaccine (NDV) Tobacco suspension Newcastle disease virus Dow Agrosciences,
cultures LLC, Indianapolis, USA
First tobacco cell-
based vaccine
approved by the FDA
against Newcastle
disease virus in
poultry
Antibody Duckweed leafy Non-Hodgkin’s Synthon,  Nijmegen,
biomass lymphoma The Netherlands LEX
system Stable
expression Speed
quality
Antibody Tobacco leaves HIV Fraunhofer IME,
Aachen, Germany
Stable Nuclear
Expression Scale Cos
Serum albumin Rice seed Healthgen, Wuhan,
Hubei, China Stable
Expression Quality
Scale

3. Risks and consequences of using genetically modified organisms

3.1 Potential risks about GMOs on human health:

* Allergic risk: the introduction of a foreign gene in a plant might lead to the emergence of new allergens.

* Toxicity: most transgenic plants are modified to make them resistant, by producing an insecticide that kills the
attacking insect, or herbicide resistant, they survive while weeds die, but they absorb the herbicide. These
insecticides and herbicides might be concentrated in the alimentary chain, producing disease

* Antibiotic resistance: the use of GMOs might lead to an increase of bacterial antibiotic resistance. Most
genetically modified plants contain antibiotic resistant genes that could be transmitted to bacteria dangerous to
human beings. Since our choice of antibiotics to treat human diseases is restricted, the possible emergence of
antibiotic-resistant bacteria is rather worrying.

* On the environment: Neighboring field contamination risk: the growing of GMO's next to traditional crops might
lead to cross-pollination, so that traditional products would no longer be considered as non- GMOs.

* Pesticide adaptation risk: the possible transmission of a herbicide resistant gene from a GMO crop to a weed
would result in the weed becoming resistant to the herbicide. 55

3.2 Risk Assessment of GMO Medicines

The potential risk that GMO medicine may present in regard to adverse effects on the environment and human
health should be assessed by a senior pharmacist in terms of pathogenicity, infectivity, replication mechanism,
stability and other characteristics. Bamford et al %61, describe their risk assessment procedure for GMO medicines:
assessing the viral vector used, assessing the genetic material to be delivered and then assessing the combination
of these components together. Given the emerging nature of GMO medicines and the lack of local guidance, the
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evaluation of these medicines may be best suited to the pharmacist in charge of clinical trials who has experience
in reviewing and preparing novel, unregistered medicines. The evaluation process may

also involve the consultation of other staff, such as the pharmacist in charge of manufacturing or a member of the
hospital’s Drugs and Therapeutics Committee.

Guidelines for the management of hazardous medicines are readily available, such as the National Institute for
Occupational Safety and Health (NIOSH) List of Antineoplastic and Other Hazardous Drugs in Healthcare
Settings and the American Society of Health System Pharmacists Guidelines on Handling Hazardous

Drugs. Whilst these documents do not specifically address GMO medicines, they offer pertinent advice for
evaluating hazardous medicines in general. b7

CONCLUSION

Genetic engineering could turn out to be the greatest gift science has to offer the next century. It is vastly
more precise than crossbreeding, which has been used for centuries to alter the genetic makeup of plants and
animals. it can foresee that plant biotechnology will potentially be able to provide several benefits and address
many challenges in food production. However, the environment does not bear also crucial that the release of GM
crops in new risks and irretrievable consequences and/or threats for human health. Use of plants as factories for
the production of novel vaccines, antibodies and other therapeutic proteins will undoubtedly continue to develop
Molecular farming may become the premier expression system for a wide variety of new biopharmaceuticals and
‘plantibodies*.

RECOMMENDATIONS

We propose future studies that include practical experiments using the necessary techniques in specialized
laboratories to study genetic stability.
Studying the genetic fingerprint of the strains of living organisms which was included as a model for the study
using one of the Marker DNA techniques and showing the genetic relationship between strains.
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