
    
      
        
          
        
      

    


​Genetically Engineered 

​To Solve Food,  Environmental, Health, And Industrial Challenges 

​Dr. Rabab A. A. El-Mergawy


	[image: ]

	 
	[image: ]





[image: ]


​Copyright 


[image: ]




––––––––

[image: ]


Genetically Engineered 

To Solve Food,  Environmental, Health, And Industrial Challenges.

Copyright © All rights reserved.

Dr. Rabab A.A. El-Mergawy.

Ebook

ISBN:

2025 by Draft2Digital

How to cite this book:

El-Mergawy, R, A.A. (2025). Genetically Engineered 

To Solve Food,  Environmental, Health, And Industrial Challenges. Draft2Digital.



	[image: ]

	 
	[image: ]





[image: ]


​About 

​The Author


[image: ]




Dr. RABAB ABDALLAH ABDELAZIZ ELMERGAWY got a PhD in Genetic Engineering & Biotechnology: Molecular Biology, between Sadat City University, Egypt & National Institute of Scientific Research (CNRS) under French Institute of Research for Development. Also, she got a B.Sc. and a M.SC. In Agricultural Sciences, from Cairo University, Egypt.

She worked as a Scientific Researcher, at the French Development Research Center - Cairo and Paris branches. Also,  she was a Biotechnology Expert, at the Arab Organization for Agricultural Development of the League of Arab States, Cairo branch. Also, She has trained graduate & post-graduate students in molecular biology techniques. As well she was a former honorary member of the Tunisian Palm Association. As well she attended different global, regional, and local conferences & workshops. Her previous publishing credits include: dissertations,  scientific books,  research and review articles, reports and proposals.

She has received awards and certificates of appreciation, such as:

Certificate of Appreciation from the 11th National Conference of Giza Sons, Egypt. Certificate of Appreciation from Nakhla Association, Tunis. Distinguished Scientific Research Award from Iraqi-Datepalms.net, Iraq. Joining the list of distinguished Arab Scientist by the Iraqi-Datepalms.net, Iraq.



	[image: ]

	 
	[image: ]





[image: ]


​Contents



[image: ]




––––––––

[image: ]




	Part

	Chapter

	Title

	Page




	
	
	Introduction

	



	I

	
	Genetically modified or non-genetically modified?

	



	II

	
	Strategy

	



	
	1

	New genetic and phenotypic patterns

	



	
	2

	Levels and types of genetic modifications

	



	
	3

	Tools

	



	
	4

	Procedures

	



	
	5

	Important Events

	



	III

	
	Applications and negative effects

	



	
	1

	Overcoming environmental challenges

	



	
	2

	Overcoming food-related challenges

	



	
	3

	Overcoming challenges related to human health

	



	
	4

	Overcoming industry-related challenges

	



	
	5

	Negative effects

	



	IV

	
	Yes or no to genetically engineered organisms and their products?

	



	
	1

	Public opinions

	



	
	2

	Regulation of genetically engineered organisms and products

	



	
	3

	Global status of the regulatory framework for genetically engineered food

	



	
	4

	Global status of the regulatory framework for genetically engineered therapy

	



	
	
	References

	






	[image: ]

	 
	[image: ]





[image: ]


​Introduction 


[image: ]




Human intervention to obtain new genomic and phenotypic patterns in living organisms has been ongoing since prehistoric times, under various names. How do we obtain these new genomic and phenotypic patterns? How can these new genomic and phenotypic patterns solve problems related to the environment, food, health, and industry? What are the potential negative effects of using these new genomic and phenotypic patterns? What is the regulatory framework for dealing with these new genomic and phenotypic patterns?

This work consists of four parts (I, II, III, and IV). In Part II (Strategy), I presented the different terms used to induce genetic change in living organisms and proposed a unified nomenclature that could be used to describe this process. I also presented the strategy of genetic engineering for obtaining a genetically engineered organism. In Chapter I (New Genomic and Phenotypic Patterns), I addressed the definitions of both phenotype and genotype, the desired new phenotypes, and the genotypes required to obtain these phenotypes. In Chapter II (Levels and Types of Genetic Modifications), I discussed the different levels of genetic variation and the types of genetic changes that can be obtained.  In Chapter 3 (Tools), I discussed genetic modification techniques, gene transfer, and the living cells in which genetic modification occurs. In Chapter 4 (Procedures), I covered where experiments are conducted—in vitro, in vitro, and in vivo—and how to isolate and multiply cells in which gene transfer has been successful, as well as methods for confirming the success of gene transfer. In Chapter 5 (Key Events), I recounted various events that played a role in the development of genetic engineering to obtain new genomic and phenotypic patterns.

In Part 3 (Challenges, Applications, and Negative Impacts), I addressed the various challenges facing the environment, food, health, and industry, and how to overcome them using genetic engineering techniques, as well as the potential negative impacts of using these techniques.

In Part 4 (Yes or No to Genetically Engineered Organisms and Their Products), I discussed public opinion regarding genetically engineered organisms and their products, and the basis for this opinion. I also discussed the approaches of countries around the world to genetically engineered organisms and their products. Furthermore, I addressed the global regulatory situation. Finally, I proposed a regulatory and awareness-raising solution for dealing with genetically engineered organisms and their products.
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Genetically modified or non-genetically modified? Do we call an organism "genetically modified" based on the technology used to obtain it? Or based on the number of mutations induced to obtain it? Or if new genetic material was introduced into its genome?

Human intervention in inducing genetic changes in living organisms or their products to obtain specific phenotypes began before birth and has continued to this day. Methods for making changes to genetic patterns to obtain new phenotypes have gone through different stages, such as: observing the diversity among living organisms and discovering mutations that occur in nature; breeding plants and animals to combine specific phenotypes; establishing different definitions of mutations; proving induced mutations and releasing the first commercial mutant varieties; commercial application of varieties resulting from mutation breeding; inducing mutations in living organisms using different techniques that target DNA (both non-specific and specific) and RNA; and the development of methods for making changes to genetic patterns to obtain new phenotypes.

Human intervention in causing genetic changes in living organisms is known by various names: biotechnology, genetic modification, genetic engineering, and genetic editing. Some consider the three terms: genetic modification, genetic engineering, and genetic editing to be synonymous and therefore use them interchangeably, while others believe each term refers to something different. For example, genetic modification refers to traditional breeding methods and all forms of molecular modification, while genetic editing refers to the direct deletion or modification of a gene. Genetic engineering refers to the insertion of an external DNA sequence. There is also the term "transgenesis," which refers to the process of introducing a "foreign gene" (transgene) into a cell or organism. Additionally, some use the term "new technology" to refer to new gene-targeting techniques, specifically CRISPR.  Cells or organisms that have undergone genetic alteration through human intervention are called "transgenic" or "genetically modified."

The term biotechnology is composed of two words: "technology," referring to the tools available to make changes, and "biology," meaning the study of living organisms. Therefore, biotechnology can be defined as any tool (information or technique) that uses a living organism, parts of it (morphological or genetic), or its products to create or modify a product for various practical purposes, to understand specific biological processes, or to alter the genetic makeup of an organism through a number of different techniques.

Biotechnology can be divided into two categories: traditional biotechnology and modern or molecular biotechnology. First, traditional biotechnology. Traditional biotechnology involves using or modifying a living organism or one of its products to obtain industrial products. Examples of traditional biotechnology applications include fermentation (bread, beer, wine), vaccines, antibiotics, and enzymes (detergents and disinfectants). Second, modern biotechnology, also known as molecular technology or genetic engineering. Molecular biotechnology encompasses a range of tools used to understand and manipulate genetic material.  Genetic engineering involves manipulating the genetic material (nucleic acids and proteins) of living organisms to create new traits or modify existing ones.

Since the term "engineering" refers to the application of knowledge gained from various sciences and experiences to solve a problem, and since "genetic" refers to the genetic material (DNA or RNA), the term "genetic engineering" can be applied to any change made by humans at the genetic level, whether directly or indirectly.

Therefore, the term "genetic engineer" can be applied to any living organism or product that has undergone a direct or indirect genetic modification.
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Genetic engineering aims to obtain new genotypic and phenotypic patterns. To obtain the desired phenotypes, specific genotypic characteristics must be achieved: the level and quality of genetic modification. To obtain the necessary quality of genetic modifications for the desired genotypic characteristics, we need: genetic modification techniques, genetic vectors, and living cells or an organism. Experiments to obtain new genotypic and phenotypic patterns are conducted either in vitro, ex vivo, or in vivo. Cells in which the genetic transfer was successful are then isolated and multiplied, and the success of the genetic transfer is confirmed.

Here, I will address:


	New genotypic and phenotypic patterns

	Levels and quality of genetic modifications

	Tools

	Procedures

	Key events
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What is the phenotype? What is the genotype? What new phenotypes are needed? What genotypes are required to obtain these phenotypes?

​1.1 Phenotypes

An individual's phenotype is an observable and measurable characteristic of that individual. A phenotype may be determined solely by genotype or by a combination of genotype and other factors, such as epigenetics.

The desired phenotypes may be: plant and animal phenotypes, microbial phenotypes, or the prevention and treatment of human diseases.

1.1.1 Plant and Animal Phenotypes

The desired phenotypes in plants or animals may be one or more of the following: rapid growth, specific size, and high quantitative production of plants, meat, or dairy; high-protein, low-fat meat in animals; plant, milk, or eggs composed of: balanced nutrients including vitamins, minerals, and antioxidants; and plant or animal resistance to adverse biotic and abiotic factors.

1.1.2 Microbial Phenotypes

The desired phenotypes in microbes may be one or more of the following: the ability to decompose waste, extract minerals from waste, and extract oil from rock.

1.1.3 Prevention and Treatment of Human Diseases

The phenotypes required for treating human diseases may include: pharmaceutical proteins for humans such as insulin, prosthetic organs for humans, vaccines, and treatments for genetic diseases.

​1.2 Genotypes

The genotype responsible for a particular phenotype is the alleles of the gene responsible for that phenotype. A diploid organism inherits two alleles for each gene, one from the mother and one from the father. When the two alleles are identical, the genotype is called homozygous; when the two alleles are different, the genotype is called heterozygous.

The genotypes required to obtain the desired phenotypes may consist of a single gene or multiple genes involved in specific biological pathways. Genotype determination is achieved through DNA sequencing or protein sequencing, followed by the use of genetic code to identify the sequence of the responsible gene. Probes or gene chips (microarrays) can also be used.
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What are the different levels of genetic modification? What types of genetic modifications can be obtained?

​2.1 What Are The Different Levels of genetic modification? 

Genetic modification occurs at the gene pool, DNA, and RNA levels.  The gene pool is all the alleles of a population. DNA is the genetic material that carries all the genetic information of an organism. DNA is present in every cell of an organism, but only a portion of it (a gene) is expressed in certain cells and at certain times. A gene is a specific segment of DNA. This segment codes for a protein. A gene consists of a structural region that codes for a protein, a start region, and a stop region. There are different types of RNA, including messenger RNA (mRNA), which is a copy of the sequence of positive-sense DNA that codes for the amino acid sequence that makes up a polypeptide chain or protein. Messenger RNA links the genotype to the phenotype. A protein is a large, biomolecule responsible for biological processes in an organism. Proteins are produced by copying the segment of DNA (the gene) that codes for the protein into a complementary copy of messenger RNA (mRNA).  The ribosome then uses the messenger RNA (mRNA) as a template to synthesize the required protein.

Traditional biotechnology operates at the gene pool level, while molecular biotechnology or genetic engineering operates at the DNA or RNA level. Genetic modification at the gene pool level occurs by altering allele frequencies. Genetic modification at the DNA level occurs by changing the sequence of nitrogenous bases: substituting one nucleotide for another, deleting or adding a nucleotide, or introducing different repeats. Genetic modification at the RNA level occurs by altering gene expression through increase, decrease, or even silencing.

2.1.1 Gene Pool Level

When genetic modification is performed at the gene pool level, the frequency of genotypes and phenotypes in the population is altered. Traditional breeding techniques are used for this purpose.

2.1.2 DNA Level

When genetic modification is performed at the DNA level, genetic modification is achieved by targeting the DNA.  Examples of techniques that target DNA include mutation/variation breeding, recombination, recombineering, and engineered nucleases.

2.1.3 RNA-Based Genetic Modification

When genetic modification occurs at the RNA level, it is achieved by targeting RNA to influence protein production. Targeting does not affect DNA. Examples of RNA-based techniques include RNA interference (RNAi).

​2.2 What Types of Genetic Modifications Can be obtained? 

Genetic modifications can include: altering genotype frequency and phenotype frequency, random mutations, random gene integration, gene knock-in, gene knockout, gene knockdown, and gene activation.

2.2.1 Altering Genotype and Phenotype Frequency

Alterations in genotype and phenotype frequency are achieved through traditional breeding.

2.2.2 Induced Mutations

Induced mutations are achieved through the use of biological, chemical, or physical mutagens. An example of this is mutation/variation breeding.

2.2.3 Random Gene Integration

Random gene integration is achieved by randomly inserting a gene (of the same or different type) into the genome to be genetically modified. An example of this is recombination.

2.2.4 Gene Knock-In

Gene knock-in involves replacing or adding one or more nucleotides, or replacing a gene that has lost its function due to mutation, with another functional gene (of the same or different type) at a specific location on the genome to be genetically engineered. Examples of gene knock-in techniques include recombination, recombineering, and genetically engineered nucleases.

2.2.5 Gene Knockout 

To disable a gene (gene knockout), the DNA is targeted. This disables the gene, preventing transcription of the messenger RNA (mRNA) and thus preventing the translation of the protein it encodes. Examples of gene knockout techniques include recombination, recombineering, and genetically engineered nucleases.

2.2.6 Gene Knockdown

To reduce gene knockdown expression, messenger RNA (mRNA) is targeted. Gene targeting techniques used to reduce gene knockdown expression include CRISPR-Cas13a, RNA interference, and RNAi. Gene knockdown reduction faces challenges such as RNA instability, off-target effects, and toxicity.

2.2.7 Gene Activation

To activate a gene, DNA is targeted. This activates the gene, causing it to transcribe its messenger RNA (mRNA) and subsequently translate the encoded protein. Examples of gene activation techniques include recombination, recombineering, and genetically engineered nucleases.
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What are genetic modification techniques? What are genetic vectors? What living cells are used for genetic modification?

​3.1 What are genetic modification techniques? 

There are several techniques that can be used to genetically modify an organism: traditional breeding, mutation/variation breeding, recombination, recombineering, RNA interference (RNAi), and genetically engineered nucleases. Each of these techniques has specific tools that work to alter the structure or frequency of the genotype or to inhibit RNA function (RNA silencing):

*Traditional Breeding: Male and female gametes.

*Mutation/Variation Breeding: Physical, chemical, or biological agents.

*Recombination: A donor gene containing a promoter and a terminator.

*Recombineering: Donor DNA containing sequences homologous to the target site on the genome, the sequence of the desired mutation, and a cell expressing homologous recombine enzymes.

*RNA Interference (RNAi): Interfering RNA molecules complementary to the target messenger RNA (mRNA) sequence.

*Genetically Engineered Nucleases: Genetically engineered nucleases, with or without donor DNA containing the desired mutation.

​3.1.1 Traditional Breeding

Plant and animal breeding is the care and propagation of plants and animals with phenotypes beneficial to humans. Traditional breeding involves the artificial selection, and the artificial hybridization of individuals with desired phenotypes to obtain offspring with the genotypes responsible for those desired phenotypes. This, in turn, leads to changes in the genetic makeup of plants and animals. Traditional breeding can also lead to new genetic combinations when different species are crossed. There are examples indicating that humans began practicing traditional breeding hundreds of years ago.
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