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			Preface

			We all know biotechnology is a very important part of biology. Biotechnology is very feedable for society, and its application is implemented in medicine and science. Biotechnology is a great blessing for our medical environment. Because it gives a perfect solution for any problem, and its application helps a lot in medical science.

			We cover all the important subjects or topics that come like a blessing in medical science, and it is only possible because of the help of biotechnology application. We cover all the importance of its application for society.

			Biotechnology is a new and drastic innovation in the field of medicine. In which lots of new technology or method were introduced in medical science for social welfare. 

			If we talked about the earlier situation, medical science is not very innovative; there are some loopholes in medical science. Because of that, somewhere medical science cannot work at a higher level. Still, now it is possible only because of the development of biotechnology and its application.

			Biotechnology is very helpful for society, and we cover all the contributions that help society through their new development. Like in this time, medical science can cure every disease or every problem that is not solved earlier. But now it is possible.

			Biotechnology contributes its work for every living organism like it helps humans or other living organisms, for example, animals, etc. We cover all the topics that give you proper identification or knowledge about biotechnology and its contribution to global welfare.

			We give you proper data and detailed accounts about ‘How biotechnology is important for society?’ and how it solves the basic issues that are not solved for a long time because of some lacking. But now, everything is possible in the field of medical science. 

			

			This book is designed to provide the reader with the information needed to fully appreciate what is being achieved through the exciting advances in research and application of animal biotechnology, focusing on the key developments in reproductive and molecular biology that underpin these advances.
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			Chapter 1. Overview of Biotechnology 

			1.1	Abstract 

			In this chapter, you will get knowledge or information in a different and easy language. 

			‘Biotechnology’ is not a single topic; it is a versatile topic it contains all aspects of life. It affects the foods we eat, the safety of the water we drink, the clothes we wear, how we wash them, the medications we take, and the gasoline we put into our cars. This section on biotechnology provides a comprehensive overview of the what, why, and biotechnology and bioprocessing.

			1.2	Overview  

			Biotechnology has sparked a great deal of ethical criticism. This often frustrates biotechnology proponents because the goals outlined previously seem so obviously good and so obviously advanced by biotechnology. (Fig 1.1)

			[image: ]

			Fig – 1.1 Advanced biotechnology

			https://www.yourarticlelibrary.com/biotechnology/biotechnology-meaning-technologies-and-applications-in-india-8617-words/1124

			

			One way to begin thinking through the variety of critical positions that have been staked out is to make distinctions with respect to these goals. 

			◊	First, some are concerned that biotechnologies have not or will not succeed in achieving the goals. 

			◊	Second, some are concerned that biotechnologies may achieve the goals. Still, they will do so only in conjunction with unacceptable trade-offs or unintended consequences that will ultimately undermine the goals. 

			◊	Third, some are concerned that biotechnologies will secure the goals for some but not for others or at the expense of others. Fourth, some argue that biotechnologies have and may continue to succeed in achieving the goals. This success itself constitutes cause for concern.

			The first three concerns can be treated together because, ultimately, they all contend that biotechnology is objectionable because of its failures. It fails outright, fails to realize the goals within tolerable levels of risk, or fails to realize the goals in ways that are equitable and respectful of individual liberties. 

			◊	The fourth concern is unique because it contends that biotechnology is objectionable because of its successes. Thus, it is treated in the following section.

			The best example of the first objection relates to the claim that agricultural biotechnologies can help alleviate world hunger. Critics respond by arguing that starvation and malnutrition are most often the result of political and social circumstances rather than food shortages and thus are not amenable to technological fixes. 

			The Green Revolution (the mid-twentieth century worldwide expansion of modern agricultural technology), from this perspective, did not lift people out of poverty but only subjected them to new forms of corporate and technological control, new environmental problems from mechanization, and new vulnerabilities to world markets. 

			Another example is the argument that the creation of transgenic animals to study human diseases is bound to fail because of the remaining differences that make extrapolation to human cases unreliable. 

			

			Biotech proponents, however, have challenged both positions. For example, the argument that food production is not related to famine has several faults, and many positive outcomes of the Green Revolution can be cited.

			The second critique, centered on safety, is more common and essentially amounts to the claim that the power of biotechnology disrupts the complex balance of living nature in ways that are likely to be harmful. 

			Critics argue, for example, that GMOs may lead to gene flows that cause wild relatives to mutate into ‹superweeds.› GMO genes can also contaminate non-GMO crops and threaten biological diversity. 

			Some believed that Bt crops harmed non-pest insects such as the Monarch butterfly. The rule of unintended consequences was also evident in how mass production of biofuels contributed to increases in food prices. Critics also raise human health concerns about G.M. plants and animals, especially their potential for causing allergies and exacerbating antibiotic resistance. 

			They further challenge biomedical techniques that may alter human physiology in unpredictable ways.

			1.3	Application of Biotechnology

			Thus, what has changed since the demonstration of recombinant DNA technology in the early ١٩٧٠s is the technology of biotechnology. The new technology is at the same time more precise and predictable than its predecessors. It yields better characterized and more predictable products.

			And what a cornucopia of products! There are already more than two dozen distinct gene-spliced or hybridoma-derived drugs on the market (including one adjunct to cancer chemotherapy whose revenues exceed $١ billion annually) and upwards of ٥٠٠ in clinical development.

			Marketed products include human insulin synthesized in recombinant E. coli (Figure 1.2), used daily by millions of American diabetics; tPA, tissue plasminogen activator, a protein that dissolves the blood clots that cause heart attacks and strokes; human growth hormone, used to treat children with a hormonal deficiency; erythropoietin, which stimulates the growth of red blood cells in certain patients suffering from anemia; and several interferons, proteins used to treat a variety of maladies, from multiple sclerosis to viral infections and cancer. 

			Dozens of recombinant crop and garden plants on the market have been genetically improved with a variety of introduced genes to impart pest and disease resistance; these include tomato resistance to bacterial speck disease (modified by the introduction of a gene from the bacterium Pseudomonas syringe (Figure1.2), and herbicide-resistant soybeans (modified by the addition of an enzyme that degrades the herbicide glyphosate) that permit the use of a more environment-friendly herbicide, and in smaller amounts.

			[image: ]

			Fig 1.2 Escherichia coli containing genes for human proinsulin that were introduced with recombinant DNA techniques. The large, homogeneous-appearing inclusion bodies in these elongated bacteria are crystallized proinsulin that has precipitated out because of its high intracellular concentrations.

			https://www.yourarticlelibrary.com/biotechnology/biotechnology-meaning-technologies-and-applications-in-india-8617-words/1124
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			Fig 1.2 Tomato with a bacterial gene that confers resistance to bacterial speck disease. On the right is a wild-type tomato plant; on the left is a plant that differs from wild-type functionally by adding a bacterial gene (Prf, from Pseudomonas syringae) that modulates resistance to bacterial speck disease. Both plants have been challenged by the application of the Pseudomonas pathogen.

			https://www.yourarticlelibrary.com/biotechnology/biotechnology-meaning-technologies-and-applications-in-india-8617-words/1124

			

			Another promising application of the new biotechnology is gene therapy, the insertion of normal or modified genes into an animal or human, which can be done for different purposes. 

			A common application is the creation of genetic lines of animals with characteristics useful in research or medicine – animals that are, for example, models of important human diseases such as breast cancer or multiple sclerosis, or that secrete into their bloodstream large amounts of a substance that can be used as a human therapeutic, a process is known as ‘biopharming.’

			In humans, gene therapy is being widely tested to correct genetic or acquired disorders via the synthesis in the body of missing, defective, or insufficient gene products.

			More than 6000 patients in approximately three dozen countries are currently undergoing gene therapy for diseases ranging from cystic fibrosis to cancer and AIDS. 

			Gene therapy can potentially also be used for nontherapeutic purposes, including attempts at genetic ‘enhancement’ that would not correct abnormalities or disease. Still, it would treat conditions like baldness or even increase human physical or mental capacities above the person’s baseline.

			1.3.1	Technology of Biotechnology

			From time to time, we all know that every field in biotechnology field technology is updated year by year. Through the development of technology, various changes occur in Biotechnology.

			And these all technology utilized in Biotechnology for biological functions or biological uses; these technologies are used for the welfare of living organisms or other beneficial purposes. This updated technology help to create some more authentic product with the help of new advantage and create a more useful or important product that is very needed from the perspective of medical science.

			We all know that new generation or updating is mostly required in every field. Through this new advantage, we are solving more issues or problems for future welfare.

			

			If you take the help of a new update, you will get some authentic or fruitful results for your future and present. Like for example - Brewing and baking bread are examples of processes that fall within the concept of biotechnology (use of yeast (= living organism) to produce the desired product). 

			Now we are discussing some modern technology coming in the field of Biotechnology and giving the new era of innovation and development in medical science. 

			These all-modern technologies help very much medical science to make a more advanced and problem-solver organization. The first thing that is achieved by modern technology is DNA technology; DNA technology is used in biotechnology for this purpose because this DNA technology is sequencing, analyzing, and cutting-pasting of DNA. This common form of DNA is including most probably DNA sequencing, polymerase chain reaction, DNA cloning, and gel electrophoresis.

			There is some other biotechnology product that is achieved with the help of technology that is 

			Bioreactor - Perhaps the most important single piece of equipment used in biotechnology is the bioreactor. Bioreactors are containers that allow a biological process to take place in optimum conditions, producing a useful substance in large amounts. People have been using simple bioreactors for centuries to make wine and beer.

			These alcoholic drinks are produced by a process called fermentation. In the absence of air, the cells of a microscopic fungus known as yeast break down sugar in a vat of liquid to produce alcohol. The term fermentation has now come to mean any process by which microorganisms turn raw material into useful products.

			Many modem bioreactors contain bacterial cultures (collections consisting of billions of cells). There are hundreds of different types of bacteria that can be used to make useful products, from the active ingredients used to make detergents to the raw material used to make plastics that can break down naturally in the environment.

			Because of advances in genetic engineering, bioreactors can now also manufacture complex biological substances that were once extremely difficult or impossible to obtain. One of the first such products made in a bioreactor was the human hormone insulin used to treat diabetes.

			Bacteria are extremely versatile tools in biotechnology, but they cannot produce very large or complex proteins. Instead, the cells of more advanced organisms are used for this purpose. More recently, scientists have devised ways of culturing mammalian cells in bioreactors to produce antibodies and other useful proteins.

			Some bioreactors carry out a chemical process without using living cells. Instead, enzymes are used to trigger the conversion of one chemical or material into another. This process, called biotransformation, is a major area of biotechnology. Many important materials are now produced in this way, including corn syrup, vitamin C, and certain chemicals used by the pharmaceutical industry.

			[image: ]

			Fig – 1.3 Bioreactor

			https://www.yourarticlelibrary.com/biotechnology/biotechnology-meaning-technologies-and-applications-in-india-8617-words/11249

			Cell Fusion  

			Cell fusion involves combining two cells to make a single cell that contains all the genetic material of the original cells. The technique has been used to create new plants by fusing cells from species that do not naturally hybridize (from a cross-breed) and generating whole plants from the fused cells.

			

			The most famous example is the potato, which is a cross between a potato and a tomato. Potato plants have both parents’ characteristics; they produce both potatoes and tomatoes, although the tomatoes are rather small. See in fig 1.2.1

			Cell fusion is used to make the fused cells known as monoclonal antibodies, which are protective proteins produced by a single immune cell’s clone. Monoclonal antibodies are increasingly important for devising new and more accurate diagnostic tests.

			For example, they are used to find blood type, measure various drugs level in the blood, diagnose pregnancy and detect ovulation, detect sex hormones in urine, and test for the presence of cancer cells. Since monoclonal antibodies can be made to seek out and recognize cancers wherever they may be in the body, much research has been conducted into the possibility of using this method to carry a toxic or radioactive agent to the tumor cells and destroy them.

			[image: ]

			Fig – 1.4 Cell Fusion

			https://www.yourarticlelibrary.com/biotechnology/biotechnology-meaning-technologies-and-applications-in-india-8617-words/11249

			There are several ways of performing cell fusion. For animal and bacterial cells, the most common technique is to use a virus or chemical polymer to weaken the cells’ outer walls and cause them to bind together. 

			

			Plant cells cannot be fused in this way; their cell walls must be completely removed. This is done by having them digested by enzymes

			Liposomes

			Liposomes are microscopic spherical capsules that form when biological molecules are called lipids from a suspension in water. The lipid molecules in a liposome arrange themselves to create a tiny space inside the liposome center that can carry another substance, such as a drug.

			Liposomes are important in biotechnology because they may offer new means of delivering certain drugs to particular parts of the bed v. For example, drugs called peptides could be encapsulated in liposomes and swallowed. See in fig 1.5.

			The liposomes would protect the peptides from digestion by acids in the stomach, allowing them to be absorbed into the intestines. Liposomes could also be injected directly into the blood. They are known to accumulate in inflamed tissue and certain types of tumors, so they might help deliver anti-cancer or anti-inflammatory drugs to their targets.

			[image: ]

			                                                     Fig 1.5 Liposomes

			https://www.yourarticlelibrary.com/biotechnology/biotechnology-meaning-technologies-and-applications-in-india-8617-words/11249

			1.3.2	Molecules of Life

			We all know earth or this universe is built up with four molecules that are essential for generation or growth. The four essentials molecules of life are Protein, Lipid, Nucleic Acid, and Carbohydrates. And these four molecules of life are very important for every creature and for every organism and every single organism that exists in this universe; these four molecules are a lifeline for every creature. That’s why these four molecules are also known as ‘Molecules of Life.’

			These four molecules are essential for lifeline because, without these four molecules, not a single cell or not a single organism cannot live for few seconds. All of the four molecules are very important for growth and development.

			These four molecules are very important functionally and structurally for cells and most probably without any confusion for both.

			Proteins 

			Proteins are the first of the molecules of life, and they are really the building blocks of life. Proteins are the most common molecules found in cells. If all the water is removed from a cell, proteins make up more than half of the remaining weight.

			Protein molecules are involved in a range of aspects of a cell’s biology. They come in a huge variety of forms and perform a massive range of functions. They are involved in muscle movement, energy storage, digestion, immune defense, and much more. 

			The primary structure of a protein is a long chain made of many smaller molecules called amino acids. 20 different amino acids are used to build proteins. The different amino acids can be arranged into trillions of different sequences. Each creates a unique protein—the long chain of amino acids twists and folds to produce the final shape.

			[image: ]

			Fig 1.6 Proteins

			https://basicbiology.net/biology-101/molecules-of-life

			

			Carbohydrates

			The next of the four molecules of life are carbohydrates. Carbohydrates are an important source of energy. They also provide structural support for cells and help with communication between cells.

			A carbohydrate molecule is made of atoms of carbon, hydrogen, and oxygen. They are found in the form of either sugar or many sugars linked together.

			[image: ]

			Fig 1.7 Carbohydrates

			https://basicbiology.net/biology-101/molecules-of-life

			A single sugar molecule is known as a monosaccharide. Two sugar molecules bonded together is a disaccharide, and many sugar molecules make a polysaccharide. The three different types of carbohydrates are all important for different reasons.

			Carbohydrates are the most important sources of energy for many organisms. Plants use the sun’s energy to convert CO₂ into carbohydrates. The energy of these carbohydrates later allows plants to grow and reproduce.

			

			Lipids 

			Lipids are a highly variable group of molecules that include fats, oils, waxes, and some steroids. These molecules are made mostly from chains of carbon and hydrogen called fatty acids. Fatty acids bond to a range of other types of atoms to form many different lipids.

			Cells require lipids for a number of reasons. Probably the most important role of lipids is the main component of cell membranes. A type of lipid called a phospholipid is the primary molecule found in the membranes of cells. 

			Other important functions of lipids have included insulation of heat, storing energy, protection, and cellular communication. These various functions are important because lipids are classed as one of the four molecules of life.

			Almost all lipids are insoluble in water. The structure of lipid molecules means they are repelled by water. This is why oils and fats form globules in water and why the vinegar and oil of vinaigrette separate if the mixture is left for a while.

			[image: What Are Lipids? - Definition, Structure & Classification Of Lipids]

			Fig. 1.8 Lipids

			https://cdn1.byjus.com/wp-content/uploads/2016/09/Lipids.png

			Nucleic Acid 

			The final of the four molecules of life is nucleic acids. Two types of nucleic acids are essential to all life: DNA (deoxyribonucleic acid) and RNA (ribonucleic acid).

			

			DNA is a very well-known type of molecule that makes up the genetic material of a cell. DNA is responsible for carrying all the information an organism needs to survive, grow and reproduce.

			[image: Nucleic Acids - Function, Examples, and Monomers]

			Fig 1.9 Nucleic Acid

			https://www.thoughtco.com/thmb/1BunCzHAVbUbQE4gzqAMk_0U6LE=/768x0/filters:no_upscale():max_bytes(150000):strip_icc()/DNAstructure-58c233583df78c353c23dbe6.jpg

			RNA is a lesser-known molecule, but it also plays an important role in cells. RNA molecules are used to translate the information stored in DNA molecules and use the information to help build proteins. Without RNA, the information in DNA would be useless.

			Nucleic acids are long chains made from many smaller molecules called nucleotides. Each nucleotide is made of sugar, a base, and a phosphate group.

			The two differences between DNA and RNA are their sugars and their bases. DNA has deoxyribose sugar, while RNA has ribose sugar. DNA has four different bases – adenine (A), thymine (T), guanine (G), and cytosine (C). RNA has three of the same bases, but the thymine base is replaced with a base called uracil (U).

			1.3.3	Global Market 

			We can say the global market of biotechnology is increasing day by day. That size is suppressed up to USD 417 billion in 2018. The global market tries to projected to achieve 8.3% CGAR up to 2025.

			The global biotechnology market size was valued at USD 449.06 billion in 2019 and is projected to register a CAGR of 6.84% during the forecast period. The increasing pervasiveness of conditions, such as hepatitis B disease and other issues, is anticipated to fuel this area’s growth Rising interest for sustenance and horticultural items such as wheat, rice, sugarcane, and beans due to the increasing population in U.S., China, and India is expected to push the significance of these products. Additionally, factors, for example, deficiency of water, low yields, insect assaults, and constrained accessibility of agrarian land, are prompting scientists to participate in broad R&D.

			The organizations concentrate on enhancing ingenious systems and their usage by partnering with members in the industry. Together with government-subsidized foundations and different self-ruling communities talking towards biotechnology funding, significant associations elevate financing to assist R&D and brand-new product enhancement attempts.

			[image: ]

			Fig 1.10 Global Biotechnology Market by Region.

			https://www.polarismarketresearch.com/industry-analysis/biotechnology-marke

			The rising incidence of persistent conditions such as diabetes and cancer globally is expected to increase biotechnology products’ needs over the forecast period. It is estimated that diabetes affected more than 420 million people globally and is expected to rise to more than 600 million by 2045, as per the International Diabetes Federation, in 2019. Also, the proportion of type 2 diabetes in individuals is growing in lots of countries. Thus, such high percentages are expected to push the market growth.

			Extensive applications paired with a growing need for efficient medications and treatments would favor companies’ growth actively involved in this market. Improved healthcare facilities in developing regions and rising R&D costs for biotechnology developments will increase the revenue size. Furthermore, increasing demand for agro-based products and the growing need for biotech practices in technical research will foster biotechnology market growth. However, risks associated with hereditary information can prevent the market from growing in the coming years.

			1.3.4	Outlook of Market 

			Biotechnology’s global market is divided into various parts according to their work and their applications, and these all parts or applications work for different purposes for more effective or helpful results in market trends.

			These all are divided according to various aspects and for a more beneficial result to achieve market value and win the competition. All parts or types help achieve growth in the market area.

			Application outlook 

			Bio pharmacy application is expected to be the largest segment and is estimated to have more than 60% share in 2019. 

			This sector is expected to grow during the forecast period due to the increased use of bio-recombinant proteins in many medications to treat different ailments. Biopharma companies focus on the improvement of customized medicines that must, even more, enhance segmental development.

			Biotechnology applications in the healthcare segment accounted for the largest share in the overall market. 

			Increasing levels of chronic diseases coupled with the demand for new drug advancements is one of the major factors pushing the market growth. 

			

			Moreover, increased personalized medicines and biosimilars are also anticipated to push this segment during the forecast period.

			The bioinformatics segment is also expected to have the fastest growth during the forecast period due to the repercussion of considerable advancements in this field.

			Significant developments include designing and developing algorithms for effective genomic and proteomic information storage and management produced through the studies performed on the plant, animal, or human genomes. 

			Bio industrial section is projected to have substantial growth over the forecast period. High segmental development is accredited to the increasing use of bio enzymes and biochemical for numerous chemical treatments. 

			[image: Bioinformatics Market | Growing at a CAGR of 14.5% | MarketsandMarkets]

			Fig 1.11 Biotechnology Market Report Scope

			https://www.marketsandmarkets.com/Images/bioinformatics-market10.jpg

			Technology Outlook 

			The tissue engineering and regeneration section was valued at USD 118 billion in 2017. It is anticipated that this segment would have a strong growth due to the rising need for this technology along with advances in tissue engineering, which have pushed the segmental development during the forecast period.

			Nanobiotechnology is estimated to have the highest market share in 2019. Nanobiotechnology discovers major applications in some of the major chronic disorders such as cancer. 

			It involves advancing nanoparticle-based chemotherapeutic medications, gold nanoparticles, and quantum dots for molecular medical diagnosis.

			 Increasing R&D performed in numerous organizations in determining new opportunities such as microfabricated systems and devices used during numerous acute disorders treatments is one of the major factors driving the growth of this technology.

			PCR innovation segment held considerable market share in 2019 and is predicted to witness a significant growth rate over the forecast period. Increasing PCR technology applications in the field of forensic and life sciences and scientific diagnostics are anticipated to add much-needed traction to this growing market.

			Regional Outlook 

			The United States and Canada together dominated the total market in 2019 at more than 40%. High R&D investments for new drug development are one of the major factors for its big share. 

			The U.S. invests more per capita in health care and has a high development rate than any other country. According to the OECD report in June 2018, it is estimated that the U.S. invested nearly ١٧.٢٪ of its GDP towards health care expenditure.

			The market in the U.S. was valued at around USD 88 billion in 2017 and is estimated to grow at a considerable rate due to growing chronic diseases. 

			According to a CDC report (Centre for Chronic Disease Prevention) in October 2018, 6 out of 10 people in the U.S. have a chronic ailment. 

			Due to federal government policies and continuous technological developments, the market in this region is expected to gain significant growth during the forecast period.

			The market for biotechnology in the Asia Pacific region is anticipated to attain significant market share during the forecast period due to patient awareness, swiftly enhancing health care infrastructure, and growing health care expense levels in China and India’s fast-developing economies. 

			China’s market is predicted to witness a considerable growth rate of more than 10% in the upcoming years. This growth is due to the growing occurrence of chronic diseases along with increasing R&D in the biotechnology market. 

			The rising population coupled with increasing demand for bio-Agri products is also one of the other major factors pushing the market growth in this region.
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