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Annotation: Biosciences and 

biotechnology have revolutionized scientific 

understanding and applications in 

medicine, agriculture, and environmental 

sustainability. Despite rapid advancements, 

a persistent gap exists between theoretical 

research and its real-world applications, 

particularly in integrating emerging 

biotechnologies with practical solutions. 

This paper reviews historical, technical, and 

interdisciplinary developments across 

molecular biology, genetic engineering, 

biopharmaceuticals, and bioinformatics, 

emphasizing the need to align scientific 

innovation with societal and ethical 

considerations. By adopting a systems-based 

and cross-disciplinary analytical approach, 

the study maps current trends and explores 

tools such as CRISPR, synthetic biology, 

gene therapy, and bioremediation. The 

implications suggest that fostering synergy 

between theoretical models and applied 
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technologies is essential to address global 

challenges in health, food security, and 

environmental conservation, paving the 

way for sustainable and ethically guided 

biotechnological innovations. 

 Keywords: biosciences, 

biotechnology, interdisciplinary research, 

CRISPR, synthetic biology, gene therapy, 

sustainability, bioethics, applied science. 

  

 

1. Introduction to Biosciences and Biotechnology 

Biotechnology is a multidisciplinary field and known for its motto, “improve the quality of human 

life”. It involves working with cells or cell-derived molecules for various applications, including 

genetically distinctive biota research, genomics, and development of advanced drugs and 

transgenic species designed to produce novel, highly prized substances. It finds extensive 

applications such as biopharmaceutical production, prevention and detection of disease, 

reproduction, species conservation, and toxic waste management. Biotechnology is also widely 

used in the industrial sector such as the development of detoxification biosynthesis of various 

materials; invention of truly biodiverse products created from domesticated plants and creatures; 

and the environment modulates sources of bioenergy [1]. Contradictorily, biotechnology can lead 

to the production of harmful organisms that poses a serious threat to crops, livestock, and the 

country’s economy. Weeds that are resistant to global warming, insecticides, and microorganisms 

are known to break down oil, move from the sea, and eventually build up on the coast. 

Consequently, the feedback of the research, prepared and developed to overcome these problems, 

with emphasis on Plant and Molecular Biotech, is essential for the future progress of Pakistan’s 

biotech industry. Optimization of the preparation of reusable plant and DNA substances, with 

emphasis on microbial fermentation and plasmid isolation, is a crucial scenario for other research 

workers and scientists engaged in plant molecular biotechnology research. According to an 

estimate, biotechnology may reduce current economic problems and drastically improve the 

economy if Pakistani preferentially grows forage wheat; provides a novel future and goal for the 

country and ensures economic sustainability and growth. With advances made in the scientific 

field, many new and emerging areas are beginning to expand further. Such a field is bioscience. 

The consortium of science and bioengineering, biology deals with the study of living entities. 

Wherever engineering helps us to manage and control the system in some ways, bioengineering 

performs the job. It might also attempt to use methods and components of biological entities in the 

technological regions of knowledge. On the larger stream, that merges the stream of biology with 

engineering, the resulting flows are renewable sources that stress new effective methods for 

coping with traditional health issues. This is the context of biotechnology. The process of 

biotechnology examples of this include the use of your skin as a precursor to the creating of the 

body’s most vital parts, such as eyes, nose, and muscle. For the enhancement of human life and 

various living creatures, it contributes to saving and enhancing lives. In the meantime, 

biotechnology is called the “technology of hope” too. It would greatly influence human wellbeing, 

well-being and environmentally friendly defenses. On one aspect, it completely revolutionizes the 

view of diagnostics and therapeutics. Owing to this evolution, various life-threatening illnesses are 

now curable owing to diagnostic approaches at an early stage of the infection with one of the 

innovative diagnostic techniques. On the same note, certain therapeutics, too, were therapeutic for 

those severe diseases: drugs, gene therapy, tissue culture, among them is therapeutics. The modern 
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age of biotechnologically acquired therapeutics however is exactly on the rise [2]. Personalized 

medicine, on the other hand, is getting increasingly acknowledged in the healthcare system. His 

success would tend everybody to listen to their DNA and is targeted that particular calamity. Once 

this is known, treatments can be preformed a good kind that does not have negative effects on the 

person because the ordinary drugs would. This form of medicine produces more results and better 

safety, although it is a little more costly. On the other side, this area needs more input, such as the 

generation of databases. Among alternate problems of humanity, the atmosphere is one. On this 

earth, life starts and sustains this biosphere. Because of human progress and industrialization the 

ecosystem has been filled with deadly compounds. Those deadly environments should be cleaned 

up to shield the various living entities on this world and to protect the environment. These 

pollutant cleaning mechanism is known as bioremediation. It should be used for cleanup or 

removal of physical, chemical, and nuclear contaminants, toxins, and other microbiological forms. 

Bioremediation includes a wide variety of instruments, including testing tubes, ferments, 

imsubfection repair, and channelaintstyle. In the view of an environmental biotechnology 

discipline, more or less all the sciences are merged. Therefore, this discipline is headlined with 

other life forms, in particular raw substances which originate from those life forms through 

chemical synthesis. Like biology, biochemistry, molecular biology, physical chemistry, and 

geology, microbiology was among the other areas. So there are several unknowns and unseen 

consequences of this scheme; there could have been significant biological disasters 

unintentionally, or there may have been significant scientific disasters unleashed upon us. It has a 

lot of noise overall, and so many problems could come up. Like the plants and bug killers, 

basically, many said that it will drive you nuts, might pollute the soil, so drive all the useful soil 

microorganisms nuts, and so harms the plant. The second stress, that is, transfer resident genes, is 

afraid that it would move to the tomato, then move to humans and from that to humans. All of 

these and other interpretations are widely misinterpreted by the general public. [3][4] 

2. Historical Perspectives 

Frontier in biosciences and biotechnology deals with research focused not only on fundamental 

open questions in biology but also on development of parts, devices, systems and implications of 

research. Although the evolution of biology from a descriptive to a more predictive science 

through the incorporation of mathematical foundation and the development of experimental 

techniques is not a novel idea, the ongoing molecularization of biology through ‘omics’ 

technologies is dramatically accelerating the pace, making the application of systems biology 

approaches indispensable. The recent and rapid inclusion of knowledge from fields like ecology, 

population genetics, evolutionary developmental biology or toxicology into systems biology is 

quickly expanding its methodological and conceptual range. In that context, the emergence of the 

first genome age followed has started a new phase in public understanding of biology. Biology-

related sciences such as biomedicine or biotechnology, which are based on complex 

sophistication, are seen as mysterious and out of reach, and the public perception of natural 

genetic engineered organisms is driven by impoverished agendas and ruled by fear and ignorance. 

This paper revisits the dialectic relationship between biology and both its theoretical reflections 

and applied derivatives, highlighting the tightrope walk between optimism and pessimism which 

has stemmed from that relationship since antiquity. From then on it is covered how hopes for 

mastery of biological entities to obtain applications have been historically defrauded, generating 

repeated periods of stand-off during which a strict separation or even an unbalancing of both core 

areas ensued. Restrictions not only to expand knowledge on vital processes but also on health, 

feeding on our ecosystem or taking on unresolved moral issues such as biopower, the fixation of 

gender roles or the perversity of warfare, thus led to holistic demands to constrain bio-knowledge 

evolution. In all these cases the dialectical loop is closed by considering biotech consequences, the 

elucidation of the biological explication being different upon the side taken. Better and wider 

options can only rise up if boundaries between both domains gradually become penetrable once 

more, sympathizing with the original sense of episteme from the classical Greeks. [5][6][7] 
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2.1. Evolution of Biosciences 

To bettering humankind is the sole purpose of doing science. Biology and its more complex sister 

Biosciences have, since ancient civilizations, contributed to this end, directly or indirectly. The list 

of biological innovations and discoveries that have attacked the miseries of humankind can be 

split into numerous topics, a classification impossible with the works on the early observations of 

the world through neurobiology. Yet, interestingly a number of the epic discoveries in Biology are 

just a few centuries old [8]. Most of this knowledge has been overlooked and favoured then 

adapted by several civilizations worldwide. Biochemistry and its applications are far more recent. 

Agriculture goes back much farther in time and it is fertile in discoveries with direct consequences 

in living and feeding. At present times science is, after centuries of ups and downs, dominating the 

world. It brings great ideas and utopias into the front stage that alter reality through technology. 

Even more than the atomic bomb, many of these novelties have changed profoundly the socio-

economical and political essentials of the community. New kinds of living became commonplace 

during the second half of the XXth century. Modern Philosophy and art have undergone radical 

changes prompted by the scientific knowledge of the psychical “being”. This powerful source of 

energy is also shaping most of the life (At least the Western one) becoming the driving force of 

the Welfare and Consumer Societies. Protected by aegis and its gadgets, Western society, in all 

cohorts of existence, lives in great harmony ’in vitro’. However most Earthlings are less adorned. 

In the East, the hopeful haven of eternal economic growth, most of the population lives a 

minimalistic life where fight for survival is in the first concern. They live, eat, sleep, and die 

amongst the rubbish and the dirt. Clean energy or water are unheard of [9]. Some go further, scrap 

the top of dump yards, and pullulate as best they can, the luxury rubbish. Transnational 

sweatshops make good profits sewing outfits in the mirror of the most desired Western gadgets. 

GCBO, a freedom product from malignant modifications, ruin small peasant business. System 

Biology, a network approach to the study of biological systems, has boosted the collaboration with 

mathematicians. Unfortunately few of these agreements are given for peaceful objectives, i.e., 

public health development or alimentary help programs. 

2.2. Milestones in Biotechnology 

The term biotechnology was first coined by Karl Ereky in the year 1919. Biotechnology is the 

integration of the natural science and organisms, cells, parts thereof, and molecular analogs for 

products and services. The term Biotechnology now includes a wide spectrum of events right from 

the ancient art of brewing beer and the earliest attempts of fermenting wine through the science of 

enzymology which became established in the late 19th century. This in turn led to the mechanisms 

involved in the breakdown of nutrients and subsequent assimilation by the host and gave rise the 

concept of metabolic pathways. The technology was set for the earliest production of amino acids 

in the years 1900 and the following emergence of acetone-butanol production by Clostridium spp. 

all of which permitted the late Sir Alaxander Fleming to discover Penicillin in 1928 [1]. 

The development of penicillin lead to the discovery and subsequent commercial production of 

other antibiotics which revolutionized the approach towards classical medicine. Nevertheless, 

early biotechnology majors on the use of pure culture technology but with the start of the 

industrial revolution biotechnology faded away and made place for other technologies [2]. The 

forward move was done by the accidental transfer of Escherichia coli K12. Strain which was 

resistant against azido-Phe-t-RNA synthesis and had heavy growth inhibition in the presence of 

this analogue. For the very first time, a resistant E. coli K12 was derived from an equally sensitive 

K12 cells due to a chromosomal rehabilitation event of a chromosomal lesion plasmids colK 

targeted several fundamental events in the study of the biosynthesis, the mode of action, function, 

and interaction of one of the most widely used antibiotics, namely the tetracyclines. Subsequent 

developments led to the commercially production of metal-complex tetracycline API’s. 

Concomitant with the tetracycline technology improvements were developed for the analysis of 

tetracycline residues, and schlusselstoplen concepts were proposed. [10][11] 



American Journal of Biology and Natural Sciences                                                                                   Volume:2 | Number:4 (2025) April 50  

 

3. Fundamental Concepts 

Following the advent of the double helix in 1953, the field of molecular biology has experienced 

rapid change and growth. In addition to its transformation into a molecular science, biology has 

also undergone a theoretical transformation; from fuzzy theories and reports of discoveries, 

biology is now poised to be a more quantitative and rigorous science. In like manner, the 

increasingly sophisticated theories that exist in the physical sciences continue to exert an 

influence, both small and, occasionally, large on biology, influencing perspectives, discoveries 

and modes of analysis. While theoretical predictions had been a significant part of the 

development of physical science in the same manner that their application to biology is today, it 

has typically taken the passing of decades for these theoretical ideas to translate into technologies. 

The interests of scientists have for several years been oriented to bridging theory and application 

more effectively now, and the last decade has been an exciting period for such efforts in the realm 

of the bio sciences [12]. 

Biology or more broadly life science has traditionally been somewhat removed in its subject 

matter from the more familiar domains of the physical sciences, such as geology, physics, 

chemistry or astronomy. Everyday experiences involve interacting with matter and energy and 

lead to an understanding of these aspects of our world, but do not present much opportunity for 

insight into the mechanisms of life. In addition to objects to be studied not appearing as familiar, 

the lengths, time scales and numbers involved have been unfamiliar. Unlike the way that a 

carpenter may use a hammer to drive nails, or a physician may use the operation of pulling a 

sickle cell from the bloodstream, an understanding of how molecules interact, or how exactly it is 

that a cell generates energy, has been enigmatic and removed. This difference in phenomenology 

combined, historically, with the complexity and vast number of interacting systems that would 

appear to be involved in the unfolding of the grand tapestry has lead to a separation of the life and 

physical sciences. The complexities and size of the systems involved gave rise to the notion that 

an understanding of such systems was not only difficult, but perhaps hopeless. [13][14] 

3.1. Cell Biology 

The study of cells and tissues has become tightly associated with new tools since the 17th century 

when biology became a breeding ground for new discoveries. The first discovery and visualization 

of cells with a compound microscope were landmarks in this field. The Electron Microscope (EM) 

emerged as a cell biology tool in the late 1930s and has since enormously contributed to our 

understanding of cell structure and function. With the advent of EM, it was detected that the cell 

was in fact a highly complicated entity, much more than one could predict using the simple 

microscopes that had been available since the early 17th century. It was established that cells were 

the basic unit of organization in living beings and that they could be divided in two categories: 

plant cells and animal cells. Later on, the Cell Theory was reformulated and the concept that cells 

were the smallest unit possessing life was introduced. Since then, equipment based on EM 

principles always evolved leading to the development of Transmission (TEM) and Scanning 

(SEM) EMs. Currently, a number of EM techniques are available and are mainly applied in most 

research centers: (a) conventional transmission electron microscopy (C-TEM), in which cells are 

chemically fixed and embedded in resins; (b) scanning transmission electron microscopy (STEM); 

(c) high voltage electron microscopy (25 to 1.2 MV); (d) environmental scanning electron 

microscopy (E-SEM), a complementary technique of SEM, is a method applicable in hydrated 

samples, extending observation to hydrated samples previously dried using typical methodology, 

however, non-conductive objects must be coated; (e) focused ion beam scanning electron 

microscopy (FIB-SEM), a tomography reconstruction applicable in specific software platforms; 

(f) cryo SEM and (g) cryo transmission electron microscopy (cryo TEM), are nowadays widely 

used in cell biology [15]. Among the last two mentioned techniques there is the cryo techniques, 

in which the sample is rapidly freezed and maintained at extremely low temperatures. Nucleation 

occurs in a flash, and ice is produced within a time scale that a cellular component cannot cross 

link, therefore, preserving the sample in its actual state. In contrast to this, conventional fixation 
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techniques were developed for macroscopic objects and chemical fixation occurs in a much slower 

time scale (in the order of minutes). Chemically fixed samples are known to be dehydrated several 

times, which deeply dehydrates the cell components leading to extreme distortion of their original 

shapes. A sharp development happened in parallel to all the above-mentioned techniques it was 

observed that when biological specimens as blood cells and tissues were fixed and progressively 

dehydrated, they showed great structure details (manly membranes) when examined under the 

EM. Subsequently to this observation, a number of CEM techniques were developed and now are 

broadly available, differing in hardness and duration. When soft and not illuminating techniques 

are used, the cell is often completely distorted. CEM in its softer form typically use a combination 

of methanol and acetonitrile, while harder transcript preparations are prepared using uranyl or 

osmium as contrasting agents that bind to the components impregnating the samples. After 

fixation and staining, the samples are progressively embedded in resins and later polymerized. All 

this progress in the cell biology field brought great possibilities to study and to understand how 

cells work, how they develop, and how they can coordinate complex systems as the immune and 

the endocrine systems in the body. However, this knowledge has acquired specialized character 

and is becoming less understood and assimilated by students who might eventual want to take part 

actively contributing to the field. This gap arose in the recent years constructed a demand for the 

introduction of novel, more sophisticated strategies that could connect scientists to general public 

in elementary degrees of education. 

3.2. Genetics and Genomics 

After the completion of the Genome project much effort was made to develop technology for high 

through put expression analysis of genomes [16]. As gene products are the primary elements 

affecting phenotype, a functional approach in the systematic description of gene products and their 

interactions has been and will be most relevant to a more comprehensive and detailed 

understanding of biological systems. The rise of expression analysis is also based on the concept 

that the functional state of a cell is defined by the presence, activity, and interaction of all RNA, 

protein and small molecule generated by its genome. Using gene expression data to classify 

samples is a way to determine whether the expression levels of a certain set of genes collected 

from certain samples correlate to the type of samples. Expression data used in this manner can 

reveal un-suspected relationships between different samples. The cellular functions of unknown 

genes can be elucidated through their expression patterns that are found to be very similar to the 

expression patterns of sequence-known genes whose functions are annotation. Additionally, the 

expression of gene can be associated with certain genetic mutations by a comparison to the 

expression profile of the gene with the expression profiles of series of mutants. However, recent 

evidence indicates that gene expression is only loosely correlated with protein abundance and that 

the cellular concentration of most proteins is controlled primarily at the level of translation or of 

post-translational degradation. 

Genome projects, together with complementary high-throughput technology development, have 

marked the beginning of a new “functional-genomic” era. To make any predictions about the roles 

of gene products in the complex networks of biological processes and their interactions on a much 

larger scale and in a high-throughput manner will require further concerted scientific effort. 

3.3. Microbiology 

The ‘Microbiology’ discipline analyzes living and non-living entities of microscopic dimensions 

such as bacteria, viruses, yeast, fungi and protozoans, which refer to organisms that are not visible 

to human naked eyes. Significantly, these microorganisms represent three types of organisms and 

bacteria, viruses and yeast form a major component of biota. Due to the peculiar cellular structure 

of bacteria, viruses and yeast, they display unique functions. Fungi represent a group of larger 

yeast forming a multicellular structure which is generally visible under a microscope. Protozoans 

are unique microorganisms which form a single cell but exhibit animal characteristics such as 

mobility. Since a few of the protozoan species form a multicellular structure, they also adapt to the 
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fungal group. However, fungi are eukaryotic in nature along with protozoans. But, bacteria 

represent procaryote organisms since they lack nuclear and cytoplasmic partition [17]. 

Metaphorically, fungi differ from yeast but the latter also represent eukaryotic fungus due to its 

peculiar biological functions. Based on the peculiar attributes of microorganisms, viruses are the 

only non-living entities which exhibit life characters. However, bacteria and fungi form cellular 

organizations. Archaea differ from bacteria at a gene level and can be distinguished by the 

presence of unique cellular membranes, different RNA polymerase activity and a cell wall. There 

are millions of different microbial species which are toxic to other life forms. However, a few 

species have been studied for their unique biological functions. It is apprehended that due to the 

genetic diversity; microorganisms were the original life records found on Earth. Hence, the 

microbial world widely covers living entities which exhibit diverse characteristics. Microbiologist 

typically defines the genetic distance between various groups of bacteria and other living entities 

using small subunit ribosomal RNA, which is fundamentally different from rRNA found in 

animals or fungi. Due to the unique aspects of 16S rRNA in bacteria, this evolutionary record was 

utilized as a biological marker to determine the dispersion of bacteria. 

4. Biotechnology Techniques 

The biotechnology shares disparately and diverse fields of research. Most of the biological science 

departments of general universities may be more interested in fundamental biosciences than in 

applied biotechnology. Practical biotechnology, on the other hand, is motivated to serve market 

demand; treatments of diseases, fertilizers, pest-control agents, and so on. Alongside basic 

theoretical studies, the fusion of biosciences with biotechnologies, i.e. technologies to fabricate 

beneficial items or services using cells, DNAs, proteins, and so on, is also indispensable in 

modern society. So that a technology or product induced a great impact through its effective 

application of the basic theory, a few examples are given here. 

Biotechnological practices can be defined by the biotechnological tools used to practice them, 

including DNA manipulation and synthetic biology. With complete control over the design and 

construction of DNA sequences, and the ability to direct the cellular machinery of organisms, the 

biotechnologist can access a very broad space of possible designs, many of which were 

unimaginable even a few years ago. Because the products of biotechnological practice can take 

many forms, including cells themselves, the original meaning of the term “biotechnology” is so 

broad that it can be difficult to draw a hard line around what does and does not count as 

biotechnological. Biotechnology can be contrasted with traditional technologies in terms of scale, 

speed and precision [2]. While ranching or selective breeding is a form of biotechnology, its 

influence is indirect and slow; biotechnologists directly modify the DNA of an organism in an 

essentially predictive manner. Broadly, biotechnology that involves the process of engineering 

biology. 

4.1. Molecular Cloning 

This method describes a rapid DNA cloning technique, termed Hot Fusion. Hot Fusion is carried 

out by a one-step, 15-min, 56°C isothermal DNA recombination reaction between any insert and 

vector DNA containing overlapping 3′- or 5′-cohesive overhangs. Many cDNA constructs made 

via Hot Fusion are suitable for in vitro pull-down protein-protein interaction studies. Side-by-side 

comparison of the efficiency of Hot Fusion and InFusion reveals that Hot Fusion can clone a 

construct in 5 h, whereas InFusion takes 22 h, including a 12-h ligation. [18] Moreover, Hot 

Fusion requires less PCR template, resulting in an ID 8-10-fold lower than InFusion. T4 DNA 

polymerase resection is not necessary for Hot Fusion. This method can produce multi-insert 

constructs as well as inverted repeat constructs. 

A detailed description was given of the design and construction of 2A peptide-linked 

multicistronic vectors. These corresponding bicistronic-, and dual promoter vectors allow the 

simultaneous expression of proteins of in vitro and in vivo applications. This guide also elucidates 
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the mechanics of 2A at the translation level, as well as the history and its progression since 

discovery. This guide goes also offers a detailed explanation of the identifying characteristics of 

an ideal 2A design for any application. Gentle reminders regarding the translation elongating 

property are also mentioned, along with warnings about alternative ORF influences. This guide 

highlights a common practical example as reference for production of recombinant ATV pp80 

[19]. Overall, it is an optimization strategy to get a very strong constitutive promoter in an 

acceptable vector with pPDC30 or other nourseothricin vectors. 

4.2. CRISPR and Gene Editing 

The human genome has been entirely decoded, opening the door to a series of fascinating and 

promising career opportunities. However, the significance of modern genetics will be determined 

by bridging theory and usability. The necessity to juxtapose merely biological facts with legal 

aspects or ethical implications gives rise to novel interdisciplinary research opportunities. 

Bioethics is both a theoretical compromise and a practical approach to the myriad questions asked 

by the dynamics triumvirate of modern genetics, the power of anything ant-like biology, and the 

bravado associated to model organisms, dietary supplements or identical twins. 

A panel of six plenary result presentations aims to cover a wide array of genetic and 

biotechnological issues, including concerns and implicit medicines and genetically-engineered 

maize, application procedure for genetic tests, practical aspects of analytical methods and fragile 

X syndrome curability check. As the realization of the human genome comes of age, the number 

of potential practical applications for human genetic sciences is growing at an accelerating rate. 

Some of these applications may be clouded by ethical questions. And, with the sheer number and 

variety of applications likely to multiply the ethical issues that can arise, a multidisciplinary 

conference such as this is particularly timely. An insight into genetic research is needed to see the 

many ways the genome can be decoded and manipulated. Such an understanding is not necessary, 

however, to appreciate the fundamental ethical issues that these advances pose. 

4.3. Bioprocessing 

Biotechnology, one of the Frontiers in Biosciences and Biotechnology, represents a scientific area 

where theoretical aspects of molecular biology, biochemistry, and biosystem engineering are 

highly integrated and planned amplifications are reported. In this respect, the bioindustrial scale 

up and possible solutions have special mention. Infermenta 

5. Applications in Medicine 

Medical aspect of biomedical technologies. Applications in medicine. Seemingly unrelated studies 

on Paris cabarets and Danish firefighters have been on the frontiers between biosciences and 

biotechnologies for many biomedical technologies. Knowledge of the predictive power of 

biomarker panels has been translated into clinical applications at dog handling. Detection canines 

have been used successfully for screening of local nationals for multi-drug resistant tuberculosis. 

Knowledge about identifying groups at risk for low back pain has been translated into action via 

an advocacy film. The Danish firefighters are estimated to have saved 40 000 working years. 

Biomedical techniques have been critical in translational studies bridging the gap between 

biosciences and biotechnologies on whole cell level approaches, and have found increasing 

relevance and more clinical applications in the field of cancer, oncoproteins, genomics and gene 

expression analysis, rheumatology, auto-antibodies and immunological studies, immuno-

histochemistry and cytokine studies, immunology, monoclonal antibodies and western blot 

analysis, diagnostics, biomarkers and ELISA assays, as well as toxicology studies, dioxin and 

PAH determinations, immunohistochemistry and human tumour mapping. Special techniques 

have been tried, combined and improved. 

Analysis of identity, morphology, viability, gender, and origin of the vasculature in non-small cell 

undifferentiated bronchogenic carcinoma have been made by refined anti-bodies against CD34 on 
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microscopes, image analysis software and hardware, and greyscale microphotography. Additional 

investigations and slides have been made on paraffin-embedded and immunostained lung cancer 

specimens. 

5.1. Biopharmaceuticals 

The pharmaceutical industry has a great concern of marketing the blockbuster drugs for common 

diseases whereas there is very little investment in drugs used against more complex and less 

common diseases. Moreover, drug development is an extremely complex and expensive process. 

It may take approximately 15 years of intense research from the different strategies that are 

currently under evaluation with the aim to improve the efficacy of existing drugs. In addition, the 

development of new products obtained by biotechnological processes is increasing fast. 

Biopharmaceuticals are mostly therapeutic recombinant proteins that are obtained by 

biotechnological processes. Two new biopharmaceutical products emerge per month, on market 

average, and 30% of biopharmaceuticals producing formulations are obtained. Therefore new 

technological advancements are being continuously made. Biopharmaceutical manufacturing 

developments are quite promising to enhance cell line productivities. Bioprocessing for 

biopharmaceuticals production involves a wide range of techniques, where all cell culture 

variables must be optimized and these techniques can be extremely sensitive so that the overall 

process is hard to control. New bioprocess chromatographic techniques, i.e., those based on 

monolith, convective interaction media and expanded bed, represent emerging technologies in 

biopharmaceutical production process. These techniques have shown several advantages including 

operation at high flow rates, without impairing the resolution and high efficiency. Monolith 

structures provide lower backpressure and have more uniform flow properties therefore are 

particularly interesting for preparative and large scale applications. Another area involves the huge 

variety of column chromatographic resins and strategies for media selection and pre packed 

columns generation. Most drugs on the market today are small chemicals but biopharmaceuticals 

based in nucleic acids, such as small interfering RNA, DNA vaccines and gene therapy, are very 

promising strategies for novel and effective therapies. An anticancer DNA vaccine reveals a 

promising protein target to develop a strategy to promote tumor regression. The same protein 

produced by different manufacturers may present different characteristics, ranging from 

differences in the bioactive and immunogenic impurities profiles to the protein physico-chemical 

attributes. A representative commercial Interferon beta biopharmaceutical version analysis shows 

the high similarity among the products, however a glass vial surface treatment during 

lyophilisation is shown to be a distinguishing feature allowing to differentiate separated products. 

The first biopharmaceutical version of the same therapeutic protein is set as the reference 

medicine, whereas the following ones are denominated biosimilars. Biosimilars may present 

differences because of post-translational modifications and different manufacturing processes, 

which require an extensive comparison that involves comparative analysis of both physico-

chemical and biological characteristics. The use of biopharmaceuticals has grown worldwide, with 

a most notable growth in the last five years, and new biopharmaceuticals hit the market since 

2007. [20][21] 

5.2. Gene Therapy 

The concept of gene therapy has been with us since our emerging understanding of genetics, based 

on the belief that the expression of one or more specific functional copies of the mutated gene in 

the appropriate tissue could cure the disease. The developments of genetics in recent years, 

however, have now made medical application a possibility. The four diseases discussed here are 

among those which are at the forefront of genetic research today. They do not, however, offer an 

exhaustive review of the possible diseases or methods for gene therapy. 

Gene therapy offers an attractive treatment option for both genetic and acquired diseases. 

However there are a number of technical and regulatory roadblocks to be overcome in order to 

make gene therapy a safe and effective treatment. It is only in the past year that the first gene 
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therapy experiments have been initiated. It is only now that the identification of such genes and 

the development of suitable vectors for their introduction can be envisaged biochemically. 

Moreover, the somatic gene therapy that has been performed is of a limited type designed to 

restore an absent or abnormal biochemical function by altering expression of endogenous host 

genes and entails the introduction of foreign DNA into a limited cell population. The germ line 

gene therapy which will be necessary in the case of chromosomal disorders has yet to be achieved. 

Gene therapy must also be expressed within the particular cellular environment in such a way that 

the biologically active gene product is formed or exerts the anti-sense effect required. In some 

diseases this may require the development of highly tissue or cell specific gene therapy strategies. 

The gene may need to be modified by changes in the gene itself or by recombinant DNA 

techniques to produce a functional gene product. The gene product may require further post-

translational modification. Early gene therapy experiments with haemophilias B and β-

thalassaemia suggest that correction as low as 1-5% of the affected cell population may confer 

therapeutic benefit [22]. 

Gene therapy can be used either as an adjunct to traditional treatment or as a novel therapy in its 

own right. Rescued bone marrow cells from the appropriate vector system can be expanded ex-

vivo and returned to the patient as part of a bone marrow transplantation protocol. Successful trials 

in mouse systems have used retroviral vectors in this way. Amplification of the ex-vivo 

transduced population is facilitated by the ability of a single stimulated stem cell to produce many 

haemopoetic progeny. Co-transduction experiments with both stem and helper cells have shown 

long-term restoration of lymphohaemopoiesis in primates following myeloablation and the rescue 

of the genetic defect. 

The regulatory roadblocks in the way of widespread clinical application must also be overcome. 

Recent progress has been made in developing gene therapy vectors containing a minimal number 

of viral genes and gene therapy experiments have been initiated in the USA with the sequential 

approval of the Federal Recombinant DNA Advisory Committee, the National Institute of Health, 

and the Food and Drug Administration. Gene therapy experiments have also been initiated in the 

UK under the supervision of the Gene Therapy Advisory Committee. Three types of gene therapy 

clinical protocol have been approved: ex-vivo manipulation of bone marrow cells, direct 

introduction of naked DNA into the patient and intratumoural delivery of an HSV mutant. Other 

regulatory requirements that have to be met before gene therapy can be proposed for clinical trial 

in the UK include the labelling of gene therapy vectors and the obtaining of licensing approval for 

them with the MCA. Paradoxically, it may be that it is desirable to maintain some recombinant 

DNA work in this country specifically some aspects of gene therapy efficacy testing in provided 

specially constructed containment levels are used. 

5.3. Vaccines Development 

Vaccines constitute a cost effective and preventive measure to fight against many of the prevailing 

and acute diseases. It has played an important role in preventing the diseases especially in the field 

of infectious disease such as diphtheria, polio, smallpox, tetanus, typhoid, yellow fever, malaria 

and typhus etc. Recent advances in biotechnology and understanding of immune responses have 

ushered in a renewal of vaccine development, or more accurately, have birthed a golden age of 

vaccine development. Many licensed vaccines have approached ideal characteristics such as safety 

profile, production and storage parameters, route of administration, and ability to elicit both long-

term immunity and memory responses [23]. However, none of the vaccines in current use is 

manifest all of these ideal characteristics. Some vaccine technologies such as DNA plasmids and 

subunit virus-like particles have demonstrated both flexibility in production and the potential for 

relative simplicity of manufacture compared to traditional whole pathogen vaccines. Other 

technologies such as DNA, live-attenuated and subunit vaccines based on the use of viral vectors 

have shown promise for diseases for which effective vaccines have not so far been developed. 

Conventional methods of vaccine development such as killed or live-attenuated whole pathogen 
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approaches are successful in many cases. However, they are often time-consuming processes and 

can fail for certain pathogens. The reverse approach to vaccine development was first applied to 

Neisseria meningitidis serogroup B. It relies on the relatively new approach of leveraging the 

genome sequence of a pathogen to identify all antigens, and potentially to discover novel antigens. 

The implementation of epidemiologically targeted strategies with existing vaccines has been 

successful in decreasing morbidity and mortality due to infectious diseases. This short 

commentary posits some characteristics that are desirable in an “ideal” vaccine and discusses 

strategies for achieving those ideal goal posts. 

6. Applications in Agriculture 

The first chapter of the book summarises the past, present and future of biotechnology, including 

its achievements, potential benefits, risks and the public perception of progress in various fields. 

The second chapter is an overview of the history of biotechnology, the technologic development 

in biotechnology, genetic engineering, and its applications to agriculture, industry and medicine, 

as well as the future biotechnology development in China. The third to fifth chapters cover the 

development and application of biotechnology in agriculture, industry, and health. There are also 

chapters about development in molecular biology, biochemistry, computer science, and other 

fields as well as global biotechnology ethic. 

It is the intent of this volume to highlight the phenomenal expansion and search for opportunities 

in biosciences and biotechnology globally. For the uninitiated in basic science and technology 

underlying empires of biotechnology and biosciences, a comprehensive treatise would make them 

awestruck. Keeping the line of equilibrium between theoreticians and those who apply it to suit 

the socio-economical needs of the society and industry of the particular country is the prime 

objective of this volume. A total of 91 articles are presented. Six chapters encompass general 

biosciences discourse whilst the remaining are considered more applied and industry-oriented 

issues. 

Agriculture plays a pivotal role in transforming economies and ensuring food and nutritional 

security of rapidly increasing global population. With establishment of a substantial food supply 

chain, the current global agricultural output feeds 7.5 billion people, with three major crops 

providing more than 60% of our food energy intake. Considering the cereal grain yield, rice ranks 

second among the world’s staple foods. While conventional methods of breeding and improving 

rice genetics address new challenges, the increasing food demand requires more advanced 

endeavors. The depiction of plant biotechnology and its subsequent application provides new 

leverage on crop improvement in terms of increasing yield, biotic and abiotic stress resilience and 

nutritive quality. This evolvement in biotechnological application in agriculture warrants specific 

scientific platform to converse the risk and benefits for the major increase of the food production 

and to construct community confidence of the technology. [24][25][26] 

6.1. Genetically Modified Organisms 

Major advances in understanding agro biological processes of plant can end up using crops days 

and the nascent biotechnology that has provided plants is discussed. Newly identified sources of 

novel genetic resources, newly available capacity for large scale genome modification and newly 

developed knowledge of how plants may be engineered. This review describes recent and pending 

advances in plant biology and engineering and outlines potential applications in agriculture, 

bioproduct forms, and ethanol. Broad economic, societal, and regulatory issues are discussed. 

Further studies have increased knowledge of all aspects of food crops and subjects such as long 

distance signalling, metabolic pathways, resource management, environmental responses and 

defence mechanisms. Advances have led to identification of new quality traits as newer 

germplasm that are candidate improved yield crops and of plants that can better utilise poor 

resources or resist stress. Increases in understanding the regulation of plants developmental 

processes in the near term lead to enhanced capacity to engineer increased or modified yield and 
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biomass novel plant traits. 

New knowledge of plant – microorganism interactions should also enable improvements in soil 

structure and fertility, better uptake of nourishing and water and crop provides crops pathogens 

tolerance but in addition nascent knowledge to use beneficial organisms as biological “pesticides” 

or counteract the impact of one low of organism with another. Allied to better understanding of 

how plant pests cause disease this should provide highly targeted pest control methods that replace 

traditional high dosage chemical agents that can find routes into food and water supplies [27]. 

Viruses are vital as vectors in which genetic information is inserted to other species. This reflects 

the nature of all organisms genome: vast, highly complex and consisting of moderately conserved 

stretches between which are genes of interest. This complexity makes identification and isolation a 

daunting task and of the gene can be achieved, the likelihood and insertion into the DNA of 

another organism is substantially reduced [28]. Creating a GM gene is a process involving 

numerous stages. First the gene of interest needs to be located, isolated and cloned. This will 

generally require a sizeable DNA library in the host species or a related species. A full physical 

map of the chromosomes or an extensive DNA sequence database of the organism is therefore 

necessary. Once isolated, the gene and accompanying DNA sequence must be physically linked to 

transfer DNA (T-DNA), then inserted into a binary vector for transfer to Agrobacterium. The 

Agrobacterium containing vector is then used to infect the target cells, of which a small 

percentage will have the transgenic DNA stably integrated into the genome. Finally the selected 

tended cell line is used to regenerating whole GM plant. 

6.2. Sustainable Farming Practices 

Bridging the gap between scientists and practitioners, this collection assembles a wide array of 

studies that embody the current frontiers of biosciences and biotechnology, focusing on innovative 

theory and their applications in sustainability and health. Here, cutting-edge research in vast 

subfields of biosciences and biotechnology is presented, including ecology and environmental 

science, genetics and genomics, cell biology and immunology, crop science and horticulture, 

bioprocessing and bioproducts, bioengineering and biotechnology, food science, nutraceuticals, 

and health sciences. 

Nutrient recycling is central to ISR, as evidenced by the fact that the mode of action of most 

agents involves manipulating the plant–microbe and microbe–microbe interactions which 

influences the nutrient cycling in the system. Hence, the topic of sustainable farming practices in 

‘soilless cultivations’. There are, however, different forms of ‘soilless cultivations’ such as soil, 

soilless substrate, and hydroponics, which have different nutrient dynamics [29]. 

Positive disintegration acts by breaking the material to smaller parts, so the inner material will be 

exposed and accelerated in the next comminution intensification. Mechanical processing 

technologies have commonly been used in biogas production systems prior to anaerobic digestion 

as pretreatments to increase the degradability of lignocellulosic biomass. Diesel fuel can cause 

severe health problems and environmental pollution if spilled or not completely burned, and it is a 

product with a limited resource. Biofuels are defined as liquids derived from renewable biological 

sources and are a cleaner alternative to fossil fuels. Alcohol-based biofuels such as ethanol and 

butanol can be used in gal-diesel engines after some modifications. Bioethanol-derived biofuels 

have a lower cetane number compared to diesel, and this reduces the thermal efficiency and causes 

unburned hydrocarbon (UHC) and smoke emissions to increase. Jetta and water-in-diesel 

emulsions are known to reduce NOx and Pm emissions, while it increases UHC and smoke 

emissions. 

7. Environmental Biotechnology 

Biotechnology is generally defined as any technological application that uses biological systems, 

living organisms, or derivatives thereof, to develop or create different products. In Europe, 

biotechnology is recognized as one of the Key Enabling Technologies that will be, and already 
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are, strategically relevant for the European industrial capabilities. Biotechnology has an increasing 

number of applications in industrial sectors for the production of basic and fine chemicals, 

pharmaceuticals, food, beverages, detergents, pulp and paper, textiles, biofuels, and many other 

products. Integration of biotechnological tools in other industrial sectors, such as energy, 

transport, construction, environment, and industrial processes, is seen as a strategic approach to 

meet European Union challenges in climate, industrial competitiveness, clean environment, and 

energy performance. Industrial biotechnological applications are the main drivers for the 

increasing academic applied research and industrial investments into bioprocess development. 

Industrial biotechnology is the convergence of biotechnology and industrial manufacturing, and 

the translation of life science solutions into industrial products. Biotechnology widely uses 

knowledge on biological systems for the development of new products and processes to improve 

the performance of corporate business sectors including: research and industry, food, animal or 

human health, agriculture and the environment. 

Biotechnology based industries transfer waste material into an increasing number of commercially 

valuable products. The main interest is the competent transformation of biotechnological 

processes from industrial applications up to customer driven products. Multipurpose facilities are 

the core of biotechnological process development while applied biotechnological research focuses 

on their improvement by enhancing the operational range and overall applicability of 

bioprocesses. Multipurpose facilities are of high significance for the efficient accomplishment of 

market and research demands which require flexibility, short setup times, easy process scaling and 

reduced investment costs. The consideration of these requirements promoted the development of 

novel methodologies that facilitate the transfer of biotechnological procedures to multipurpose 

facilities. Integrating concepts and methods were effectively applied for the synthesis and detailed 

operation of an array of bioprocesses with distinct control requirements and diverse process 

technologies. Treatment sewage water is the removal of contaminants from untreated sewage 

water. It comprises physical, chemical, and biological processes to make the naked water 

environmentally recyclable and country specific safe. Wastewater is described as used water from 

any setup after it met its expected function. The means of measuring the evocative surface state, 

each settlement, with the logic of draining it. [30][31] 

7.1. Bioremediation 

Introduction of modern frontier biosciences relies on synthetic biology, biological and 

microbiological engineering as well as on bioinformatics, computational modeling of biological 

systems, biological systems analysis, and general model-based (systemic) notions of natural 

sciences. Developments can be seen as the latest step where theory meets practice and the impact 

on modern productive biological processing is of utmost importance. It is the way plant 

physiology and plant biochemistry formed the basis for agricultural biotechnology, whereas 

ancient biochemistry and microbiology had prepared the ground for bioprocesses before. In 

accordance with artificially generated unnatural substances lately considered to be pollutants, 

bioremediation is extensively dealt with; an attempt to a more profound theory or rather model-

based interpretation, however, is missing. 

However, pioneering works in the field of chemodynamics and ecodynamics have been performed 

more than a decade ago and seldom reach widespread productive use. New insights and the 

frontier lines of biosciences are reviewed from the standpoint of general chemistry, microbial 

physiology, bioprocess and environmental engineering. Bioremediation in a comprehensive aspect 

is first dealt with as far as substances and compound categories including polymers, 

pharmaceuticals, detergents, and explosive compounds, are considered to be pollutants. On this 

basis, a theoretical frame for biodegradation enabling the prediction of biodegradability, microbial 

uptake, and transformation of unnatural, persistent pollutants is developed [32]. 

7.2. Waste Management 

1. Executive Summary including recommendations, results or conclusions; 2. Review; 3. 
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Scientific framework for a circular bioeconomy; 4. Evolution of the different sectors in 2018 and 

2023; 5. Spices; 6. Medical and Cosmetic Applications; 7. Food and Food Supplements; 7.1. 

Beverages; 7.2. Waste Management; 7.3. Herbal Medicines and Nutraceuticals; 8. Conclusions; 9. 

Acknowledgements. 

8. Bioinformatics 

Bioinformatics is an “in-silico” approach for studying biological science. By means of the 

Bioinformatics tools various phenomena obtained for different attributes such name, similarity, 

compatibility, threads and root graphs. Although, bioinformatics is based on the study of proteins 

or genes in a genome using the information technology it can also be applied in other science [33]. 

Anything related to biosciences, physics, chemistry or cosmology also can be efficiently handled 

by Bioinformatics. Recently brought up discoveries on the dark matter, dark energy and universal 

particles but practically nothing to learn through about DNA sequences, and protein folding. 

Possible to architect a new computing strategic design from bioinformatics findings which pertain 

to genes, proteins or primary structures [34]. Yet bioinformatics has been more focusing on 

protein outside multi-channel and folding research almost two decades since the gene sequences 

were discovered. This review bridges the gap between the bioinformatics affairs with the real 

world of cosmos-science. Genes sequencing and bioinformatics are new but it handed over a new 

research handle on proteomics, metabolomics, system biology, cancer biophysics, astrobiology or 

the optimal configuration of extra-terrestrial communications devices or the host defense system 

of multiplex network. Half of the agenda integrates bioinformatics anomalies into the cosmos-

science arena. 

8.1. Data Analysis Techniques 

Biological measurements frequently involve measuring parameters as a function of time, space, or 

frequency. During the analysis phase of the study the researcher splits the recorded data trace into 

smaller sections, analyzes each section separately, and uses the analysis results in the study. This 

article presents software IOCBio Kinetics that allows analyzing these data traces in a manner that 

ensures repeatability of the analysis and simplifies the application of the FAIR (Findable, 

Accessible, Interoperable, Reusable) principles [35]. In practice, it simplifies the routine data 

analysis pipeline and gives access to a fast overview of the analysis results. Furthermore, the 

software IOCBio Kinetics supports reading the raw data, processing the data as specified in the 

protocol, and storing all intermediate results in the laboratory database. Additionally, the software 

can be extended by study- or hardware-specific modules. 

Biomedical images are playing a critical role in diagnosis, treatment, and monitoring of different 

brain diseases. The data contained in images may have a complex flow and creating a model for 

processing this data is a challenging task from the engineering point of view. The main objective 

is to summarize the current data analysis techniques used in brain images and brain signals, 

providing the reader with approved techniques at a glance. The classification made should provide 

the whole picture about how the brain data can be analyzed and used for treatment and diagnosis 

of brain diseases. 

8.2. Computational Genomics 

As entire genomes are sequenced, one of the fundamental goals and challenges in biology is to 

understand the language of the genes and genomes. Within this broad problem, a new and very 

active area of research has evolved in the last 10 years: computational genomics, developing 

computational and statistical techniques to address problems of genome map assembly, sequence 

determination, gene recognition, DNA arrays, and gene expression analysis. Progress in 

sequencing techniques has made it possible to determine complete genomes of many organisms, 

measured in hundreds of species of importance for agriculture, environment, and medicine. One of 

the next large scale DNA sequencing projects will involve the determination of the human genome 

sequence itself and comparison with the genomes of other model organisms. How to store, 
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manage, analyze, and compare such a large amount of sequence information is a daunting 

computational challenge that stretches the limits of current technology. Genomic methods involve 

the study of the behavior of genes at a global level, "from genome to expression". Since these 

methods involve large scale measurements, computational approaches are necessary to design 

efficient experiments and to interpret the large amount of data that is being collected. Intensive 

methodological developments and collaborations among molecular biologists, biochemists, 

mathematicians, and engineers involved will be needed. The results of the experimental part are 

extensive data sets on patterns of gene expression across different developmental stages and/or 

experimental conditions [36]. On the computational side, different normalization techniques have 

been proposed to correct to instrumental biases, and clustering methods have been used to group 

similarly behaving genes. 

9. Ethics in Biotechnology 

Biotechnology’s ubiquity is such that in a span of days, a person can eat bioengineering food 

modified to contain nutraceuticals, watch farm animals genetically edited to enhanced welfare 

grazing transgenic grasses, be treated with medical products produced by patented pathogens, hear 

about bio- archaeology findings and now treat a life-threatening disease or injury, no longer accept 

as necessarily terminal, with stem cells differentiated into spare parts. This all-encompassing 

nature means addresses the broader public, where views on biotechnologies are widely varied 

[37]. Values-based assessments about emerging technologies are made by the public in general, 

influencing its acceptance and ultimately prospect for deployment. Such thematic domains are 

diverse and often in opposition to the application of a new technology, developers should be aware 

of this broader public landscape. This construct is typically referred to as ethics, which is the 

broader public concern on governance structure. Regarding biotechnology, this can be broken 

down into ethical, legal and social dimensions broadly referred to as ‘ELSI’ in the genetics field. 

On an ethical level, biotechnologies need to meet certain requirements to ensure their legitimacy 

and safety. Ethical biotechnologies must prioritize the four principles of bioethics: autonomy, 

nonmaleficence, beneficence, and justice. Whereas bioethics debates so far have mainly focused 

on the first three principles, the principle of justice is gaining increasing attention as decision-

makers realize the need for equity in the implementation of technologies. For example, argues 

about the ethical implications of genetically modified (GM) crops generally stress their benefits to 

producers (increased yields, lower inputs costs), whereas possible risks mostly fall on consumers 

(pesticide residues, reduced nutritional value, food allergies). Reflecting such concerns, stringent 

trading agreements on GM food come under fire for not corresponding to the principle of justice 

spelled out in the UN Cartagena Protocol on Biosafety. Some practical implications of the justice 

argument for biotechnology policy are explored, concluding that the unjust distribution of benefits 

and risks is a significant concern associated with the development and use of particular 

biotechnologies. 

9.1. Ethical Considerations 

1. In the preparation of experimental animals, the well-being of the animals used in research 

operations is in every respect guaranteed. In addition, all invasive procedures are performed under 

controlled conditions. 2. ISF is the fundamental principle. 3. And the basic ethics rule in the 

laboratory is that all lab works must be supervised by academic or embedded scientists or 

competent people. 6. Amy has been suspected of scientific misconduct, which definitely must be 

reported. 7. To check the plausibility of the report, a lab tour is necessary. However, taking 

pictures is regarded as unethical and could have serious consequences about this. 8. Other 

researchers in the lab tell me that it is normal for people to leave if they cannot get on with the 

chef. It does seem that this is the cause of the problem. 

9.2. Regulatory Frameworks 

Biotechnology wildlife conservation programs and approaches are exemplified by the breeding 

center. On the one hand, the technical problems encountered by front-line breeders are 
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summarised, such as the establishment of standard operating procedures, clinical pathology and 

non-invasive behavior observation technology related to the health and welfare of China’s unique 

species; on the other hand, perspectives from experts in various fields are combined to discuss 

bottlenecks in the development of wildlife conservation breeding represented by this breeding 

center and the future direction of development. At the same time, lessons from the COVID-19 

pandemic are also referred to, in which consolidated communication and action are key to the 

implementation of conservation measures and the development of a national system. 

The rapid development of biotechnology, especially the development of new reproductive 

technologies since the twenty-first century, offers a new opportunity for wildlife conservation. 

However, due to the limitation of budget and experts, how to apply biotechnology for wildlife 

preservation, especially for the preservation of unique wild species, has always been a challenge. 

It is crucial to break the bottleneck in the development of unique wild species conservation 

breeding, develop a national strategy for unique species conservation breeding, and consolidate 

the entire process of technology, or to learn from the perspective of “One Health” of the COVID-

19 pandemic, establish a collaboration and communication mechanism between humans and 

officials of the relevant departments. 

The discussion of China’s issues related to biodiversity and species conservation breeding, 

disclosed by an important conservatory breeding institution, could be of interest to readers 

working in these fields. Measures specially in focus on the COVID-19 pandemic may be helpful 

for other countries, resulting in a wider spectrum of readers and high citations. Additionally, 

improving understanding of issues faced in China in these fields may attract overseas research 

institutions and universities to strengthen cooperation. For the audience of the broad scientific 

community, it is informative and provides an open view on current and emerging problems and as 

useful evidence for predicting future research directions. 

10. Future Trends in Biosciences 

Biological engineering is invariably an iterative process in which both capabilities are refined and 

societal appreciation of the risks evolve. There is thus a need to periodically recalibrate both safety 

engineering practices and oversight arrangements to continue to minimize risks as the field 

advances. Conversely, there is the potential for regulatory barriers to impede new beneficial 

developments or unnecessarily delay safety improvements that are technically feasible. There is 

now a sufficiency of past accidents and mis-steps across intersecting fields to compose a lexicon 

of caution for the future [38]. The foremost statutory and industrial safety regimes were 

principally created in response to historical precedents and so they have generally struggled to 

keep pace with new risks arising from continual technological innovation. The extreme 

complexity and fast pace of biological engineering and the human ingenuity applied to exploit the 

implicit loopholes in any regulatory framework would greatly complicate efforts to prevent all 

possible incidents. Agroterrorism can potentially have global effects. There have been numerous 

regulations and incentives pertaining to safety that are associated with developing new blocks of 

oversight, all of which must be considered in the context of tackling such a problem. There is a 

comparatively good understanding of the retrospectively-determined history of errors in other 

industries and fields that are informative for continuing to evolve biological engineering safely. 

Systems engineering and safety culture are understood to play overlapping but distinguishable 

supporting roles in promoting safer practices, but there are different perspectives on which of 

these aspects deserves greater emphasis. 

10.1. Synthetic Biology 

Synthetic Biology is an emerging field that applies engineering principles to biotechnology. The 

main goals are to construct novel biosensing platforms, bioremediation processes and bioenergy 

systems. The core of these devices is the genetic network that regulates the gene expression level 

and profile [39]. The mathematical modelling of such networks will be crucial for the design and 

optimization of the synthetic biological devices [40]. 
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Genetically engineered microorganisms have shown great promise in environmental applications, 

including bioremediation and the harvest of biocommodities from waste. However, their 

environmental release poses ecological and public health risks, as well as objections from some 

stakeholders. Inspired by zero-valent iron and TiO2 nano-technology applications, a method for 

the manufacture of non-living bacteria with the potential for immobilization and recovery from the 

environment is described. These bacteria, presently lacking apparent hallmarks of life, are shown 

experimentally to retain their ability to express recombinant proteins. It is proposed to develop 

bacteria genetically auxotrophic for amino acids, conditionally-error-prone for essential 

nucleotides and carrying at least an additional lethal synthetic gene, so that life-death decisions 

can be externally made. With no defined life cycle, born-dead bacteria will mimic metal nano-

technology, preventing proliferation in situ. 

The study emphasizes the overarching relationship between bioscience and biotechnology as 

foundational pillars oriented at (health and quality of life enhancement). Biosciences is aimed at 

understanding life, while Biotechnology aims at improving life environmental conditions in 

health, energy and education contexts. Circulation of knowledge and technologies between 

biosciences and biotechnology generally improves fundamental understanding towards the 

application. Once established, the newly gained awareness allows for refined and sometimes 

redesigned nature-inspired or derived technical solutions. Such technological improvement drives 

the construction of even more advanced research tools that, in turn, deliver results to bioSCiences 

beyond the state of the art, as has been learnt from the past. 

10.2. Personalized Medicine 

The fields of Biosciences/Biomedical Research and Medical/Bioscience Applications are rapidly 

growing ones. Advances in research create vast amounts of exciting opportunities to further 

develop and validate theoretical and simulation ideas. On the other hand, application fields, such 

as biomedicine have greatly benefited from advances in the area of mathematical modeling and 

simulation. Increasing clinical understanding through patient-specific modeling becomes a critical 

element for optimizing treatments. advances in the fields of infectious diseases, new cancer 

treatments, stroke, human tissue model development, imaging, and advanced therapy in congenital 

metabolic diseases will be covered. Viral infections exemplify therapy nature most effectively. 

Individual patients display great variability in clinical response, which significantly reduces 

probability of finding an efficient therapy. Moreover, drug administration may have an impact on 

activation of drug-resistant mutation in the same way as viral competition may result in 

predominance of resistant virus. There is a great clinical need to perform the combination of drugs 

and find a regimen most effective for the individual patient [41]. For a long time, medicine has 

been focused on the treatment of symptoms rather than the causes of diseases. The majority of the 

drugs are made for the average person, whose response to medication could be represented by 

about 50% of the population. However, individual responses to treatments are highly varied due to 

patients' diverse genetic and environmental factors. Nowadays, personalized medicine tailors 

medical treatment to the individual characteristics of a patient. A predictive testing may enable 

automatic selection of the most effective medication for a certain subset of the population in 

advance. This sort of a wide-ranging change in the current medical system provides new 

opportunities and creates a new field of personalized medicine, such as personalized treatment 

strategy, drug prescription, and choice of surgery practices tailored to individual patients. 

11. Interdisciplinary Approaches 

Novel biomedical techniques, technologies, and applications are being created from interactions 

involving advanced scientific knowledge in the fields of physics, biology, chemistry, and 

informatics. Besides, the demand to provide cost-effective and efficient solutions to challenging 

health care problems has fostered increased awareness of the crucial role that interdisciplinary 

research can play within the scientific and healthcare communities. To meet the grand challenges 

of our time, research activities must bridge the traditional boundaries between fields of study in 
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order to foster useful partnerships between clinical, basic science, engineering, and technology 

innovation. These fast-growing and rapidly evolving research fields represent a broad spectrum of 

interests differing from purely theoretical analysis. This spurs the urgent need for a high-quality 

journal of broad thematic content that can link theory and practice, as well as fundamental and 

applied sciences, not only discussing leading achievements and innovative findings in translational 

research but also promoting technology solution products that can have a direct impact on the 

quality of health care delivered to the patient [42]. 

One of the critical quality factors of health care is the effectiveness with which physicians can 

prevent and cure diseases (both acute and chronic) and the improvement of their patients’ quality 

of life when they are not fit. To be successful, two requirements must be met. The first one is 

adequate awareness of the latest advancements in medical science, on the part of both physicians 

and the broader healthcare system. This is a problem of information transfer and exchange. The 

second one involves the timely adoption of these advancements in the clinical practice of 

diagnostics and therapeutics. This is a problem of the efficient development and deployment of 

new technological methods and devices. A synergetic approach is needed to jointly address these 

two issues and, in doing so, to boost the adhering advancements on both sides. This call can be 

better met by enhancing the cooperation between technical and medical communities and fostering 

the creation of interdisciplinary research groups and projects where scientists, engineers, and 

physicians and other healthcare professionals can effectively join their backgrounds and 

competencies. The community of Biomedical Engineering and Telemedicine is crossing 

traditional boundaries of Biophysics, Bioengineering, and Computer Simulations for the 

development of new techniques and instrumentation for advancing medical diagnosis and 

treatments. 

An eternal debate challenges which one between humans’ life sciences and environmental studies 

is more important. Although air pollution can be significantly decreased by the improvement of 

industrial technologies, automotive engines, and the use of clean energy, human health cannot be 

taken as the price for money income and better lifestyle improvement will be meaningless. 

Overall, breakaway solutions are being sought after. Hence, it is utterly important to bridge the 

gap between humans, life sciences, and environmental studies. Oftentimes happens that when an 

environmental system is optimized, an adverse effect in life sciences will appear and vice versa. 

Therefore, considerations in improving technology from aspects of environmental and life 

sciences are then sequentially presented. Between them, a boundary where current attenuate and 

abate control measures prevail is presented. Due to difficulties in technology, lack of regulation 

and society, these measures however predominantly are used in developing countries. On the one 

hand, a primitive focus is made on improving industry and energy technology for vice versa 

adverse effects of environmental and life sciences. On the other hand, better lifestyle and habitat 

improvement are accentuated in trade-off decisions where an analytical study based on some 

experiments in developing countries such as India and China is critically discussed [43]. 

11.1. Collaboration with Engineering 

Frontiers of the Life Sciences: Bridging Theory and Application Advancements in the life 

sciences and biosciences are proceeding at an astonishing pace, continually raising the bar for 

what constitutes the frontier of knowledge in the field. This is particularly true of life sciences that 

interface with quantitative fields such as mathematics, computation, and all forms of engineering. 

Historical limitations regarding the scarce quantities of relevant biodata and their experimental 

inaccessibility no longer apply. The size of data sets available for analysis is fast outstripping the 

capacity of existing computational and mathematical methods to elucidate their structure and 

behavior. It has become obvious that new analytical methods are needed that can accommodate 

very large, high-dimensional, and noisy data, while untethering analysis from prejudgements 

concerning the key features of the data generating process that one hopes to observe. 

The Bridging Theory to Application Component will support collaborative research at the 
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interface of the life sciences with the physical sciences, mathematics, and engineering. It focuses 

on the development and application of new analytical methods to elucidate the structure and/or 

behavior of complex biological and biosocial systems. Competitive proposals will involve the co-

design and analysis of novel computational models or mathematical techniques for acquiring, 

processing, or interpreting data and that will enable new approaches to, or insights within, life 

science and biosocial research. These methods should have the potential to be applicable to broad 

classes of problems in the biological and biosocial sciences. 

The interdisciplinary, potentially inter-institutional research should be at the interface of one or 

more of the quantitative fields that include mathematics, statistics, and all types of modeling and 

computer science, engineering, and the life sciences. Proposals for work at the interface of the life 

sciences, statistics, and computer science are particularly encouraged. In addition, proposals with 

training or outreach activities, involved faculty at primarily undergraduate (or equivalent) 

institutions, may qualify for supplemental funds. 

11.2. Integration with Computer Science 

Given a sudden explosion in the production and complexity of new biological data, biosciences 

have developed an ever increasing requirement for new mathematical models and associated 

computational methods. Conversely, it has become clear that many mathematical and 

computational problems also have their counterparts in biosciences. Traditionally, these two views 

have been treated independently of each other creating a barrier veiled to both the bio and 

math/computational scientist. However, it is this meeting point that often creates the most chances 

for innovation. Many relevant themes have recently received a huge lot of attention of the visitors 

as well as from the permanent scientist/enthusiast. 

Nearly 100 attendees from Science, Computing, Arts, Engineering & Social Sciences and 

Manchester Inter-disciplinary Biocentre agreed at an invited panel session. With increasing need 

for ecological/environmental issues, biosciences & bioinformatics/biotechnology receive fast 

acceptance. Hence, the world of Life Sciences is rapidly changing bloodline. 

12.1. Overview 

At the same time, there is an explosion of information now available from various sources, 

competitive programmes and policies by National Science Foundation, Environmental Protection 

Agency, and the US Departments of Agriculture, Commerce and Energy, a plethora of oceans or 

global change programmes in various institutions, and a number of sources with genome sequence 

data from various organisms. 

12. Challenges and Limitations 

This goal is not only highly challenging but rapidly growing in importance [44]. Between 

simulation and wet-lab tools, large numbers of results have been generated that make tools like 

databases, visualization and optimization of some use. This family of tools has been collectively 

referred to as computational or dry-lab tools. Vast improvements are still needed in the available 

analysis, models and components involved, but the critical need is to establish data formats and 

transfer standards that allow families of these tools to interoperate [45]. Beyond these two families 

of tools, however, there is a critical gap of growing importance: design, as it is currently typically 

practiced, is simply too imprecise. The behavior of engineered biological systems is frequently far 

different from predictions, typically due to some combination of unavailable information, 

inaccurate models and insufficiencies in available components. As a result, current practices for 

engineering biological systems typically require many iterations, and both time and cost increase 

rapidly with the complexity of the system to be engineered. 

In guiding continued progress, an information-based metric is formulated for these tasks, 

estimating the complexity of a biological engineering problem both alone and given current 

knowledge. This metric is then applied with a number of common methodologies from traditional 
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engineering, predicting the number of iterations required based on these assumptions. Using both 

these analyses and recent results from synthetic biology, exciting trends in those tools and 

strategies necessary to provide rapid and effective biological engineering are identified, 

culminating in a roadmap for enabling engineering to become both significantly more predictable 

and less resource-intensive. 

12.1. Technical Challenges 

Progress in the engineering of biological systems is rapidly increasing, and recent advances are 

being encapsulated into improved methods and tools. But with this rapid pace, the design of 

biological systems is currently still too imprecise, with the result that the behavior of engineered 

biological systems frequently differs from the results that are predicted . This could arise from (1) 

information that could be useful for modeling and design being unavailable in current descriptions 

of biological systems, (2) models of the systems being insufficiently accurate to enable useful 

engineering predictions, (3) sets of capabilities and components being insufficient for desired 

behavior. The design, engineering, and analysis of biological systems can be guided better from a 

systems engineering perspective. 

In the conception of metrics for characterizing complexity, efficacy, and progress of engineered 

biological systems, it becomes possible to analyze and compare current engineering 

methodologies and characterize the current status and future goals of the field. For example, the 

coupling of a broader and more efficient space of input and output biological parts or operations 

with descriptive and predictive models based these parts and operations and algorithms producing 

engineered systems from these models. This approach to biological engineering enables a 

roadmap to ensure the breaking of the design barrier with biological systems. Outcomes of this 

effort include the development and improvement of methods for the construction of well-

characterized systems, and a formalization of the contributions necessary to construct a system 

from a functional specification. With an information and metrics-based understanding of the trade-

offs surrounding biological system engineering, better methodologies can be developed to turn the 

large and increasing investment in producing biological parts and descriptive models into 

engineered systems more effectively, with applications in health, manufacturing, and the 

environment, and with impact on many systems and scales. 

12.2. Public Perception 

A sharp historical pattern starts with Nobel Laureates but quickly retreats from the living 

generation into the past. Invention is a young person’s game; a principle known as the Hot Hand. 

Creativity has been shown to diminish as people get older. The reason that amenities lag behind 

the rate of invention is that institutional capital needs time to depreciate. A more stable cut off 

value for bad papers is that, beyond this limit, a paper will not fulfil the criterion for a good paper. 

Viewing the perturbation as an underestimation of the empirical noise rather than as artefacts, 

authors state that planetary perturbations have mandatory robust detection heyday times in years. 

Ultimately, theoretical work presents the expectation while methodological work provides a 

predictive tool that can be subject to empirical validation. The test failed to reject the null 

hypothesis for any comparisons. showed modest positive associations for companies averaging 

multiple records. It is hypothesized that the gap can be attributed to differences in societal norms 

regarding privacy, reward allocation, and motivation and suggests that future research is needed to 

determine the underlying reasons. This theory is applied a case study examining the balance of 

speaking turns benefits within auditors. The tertiary analysis focuses on the results of corpus 

analysis and supplementary visual analysis and finds increased evidence of speakers engaging in 

an endowing-based benefits strategy. Making sense of these streams of data is in many ways more 

difficult than analysing psycho-visual situations as these provide a clear indicator of what 

participants are attending to. Mediated interaction analysis is introduced as a new method to assist 

in visually interpreting analysis of the talks. Using transcript and audio data, a reading of is 

presented as a means to evaluate the race recruitment advertisements that are under analysis. 
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13. Case Studies 

13.1. Case Study Analysis for Sector Research and Teaching Support The use of Case Studies in 

dealing with problems of the agrifood sector is gathering increasingly attention in the scientific 

community. Dealing with case study approach, as a scientific approach, supports the analysis of 

problems, relationships, behavior, and development directions of the agrifood sector from a 

theoretical angle. This approach could be useful to support sector research, to develop the 

understanding of the sector and to design the teaching concept for university courses encouraging 

industry to develop it for regular sector analysis. 

13.1.1. Problem Setting and Objectives Since the early stages, agrifood provision has always been 

a key interest of mankind. Satisfying the basic need, alone of water and food, marks always a 

prerequisite for possible sector development and prosperity of any human society. The provision 

of raw materials for clothing, interior equipment and construction is obviously coupled with food. 

Providing more than basic needs, which the technology and skills in the broadest sense form the 

pre-conditions, the surplus might be bartered against goods and services. Dealing with the needs, 

the development of techniques coping with production, transport and storing is likely to boost 

efforts, indicating location advantages that lead to the emergence of the agrifood sector. 

Identifying the needs, transforming them into goods and providing them to the customer is of all 

times always requiring a close spatial link between the single stages. With growing and more 

differentiated needs, the agri-food sector has experienced not only an expansion, but at the same 

time, a profound transformation process in such a way the customer needs are involving more 

constantly [46]. 

13.1. Successful Biotech Innovations 

Biotechnology has passed through specific life cycles up to present and it is expected to show a 

distinctive direction on technology transfer, by identifying potential applications and areas of 

development. Over time five main periods of biotechnological innovation were examined. In the 

first period, biotechnologies were used as is in the agri-chemicals industry. These years have seen 

many other advances in lab automation and gene sequencing, but the basic techniques are 

relatively unchanged. The second period involves a sharp increase in the number of R&D research 

aids offered by biotechnology companies. In the third period advances of the new science and 

technology of food materials are pursued with molecular biology. Improvements in product 

quality and convenience, combined with increased consumer interest in fresh foods, have resulted 

in the growth in the demand for the unprocessed fruits and vegetables. 

Biotech, a modern form of life science, was born in the mid-1970s, the result of applying the tools 

of molecular biology to medical and pharmaceutical problems. Considerable investment in R&D 

is necessary prior to the appearance of commercial biotech applications. The biotechnology 

revolution is a new, relatively immature science and the powerful intellectual property position of 

the pioneers has the potential for blocking others from commercial implementation. Critics fear 

both application and the hazards associated with the unpredictable nature of the new science and 

technologies. 

13.2. Failures and Lessons Learned 

As part of BiSciCol project funded to the University of Tsukuba, the 5th Science Forum on 

Research Frontiers 2019 was held at the Tsukuba International Congress Center, following 

Research Frontiers 2015, 2013, 2011, and 2009 also held in Tsukuba. The event aimed to provide 

interdisciplinary scientific results and discussions on important topics between life sciences and 

mathematics and computational science. Twelve distinguished researchers from both natural 

sciences (biology) and computer/electronic informatics were invited to give 6 plenary lectures, 

including Nobel Prize Laureates in Physiology or Medicine. In addition, 25+1 papers and 31 

poster-presentations were made in specialized sessions on gene sequencing/analysis, biophysics, 

cell/network biology, drug design, biological imaging, biomolecular information processing, 
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biochemistry, cognitive science, and network science. About 360 participants from multiple 

organizations including national project teams on bioinformatics and biocomputer had attended 

the forum and contributed to lively panel and individual discussions after plenary symposiums, all 

other lectures, paper presentations or poster-sightings. And, 8 “Bioscience to Biotechnology and 

Biofrontiers with Computation” lightening-alert talks were given by PhD students and young 

researchers. The closing ceremony identified new possibilities for interdisciplinary research 

among participants [47]. 

14. Global Perspectives 

Biological engineering (or bioengineering) is the application of engineering principles to address 

challenges in the fields of biology and medicine. Biological engineering is rich in fundamental and 

transformative potential, and is critical for well-being, development, and prosperity. As such, it 

has both prominent proponents and opponents, though important gaps remain in interdisciplinary 

and international political thought. This paper focuses on how biological engineering is situated 

within broader societal, governance, and ethical considerations. Four domains are addressed, and 

numerous open questions and controversies are described, developed, and signposted towards the 

purpose of featuring in future transdisciplinary and international debate [48]. 

14.1. Biotechnology in Developing Countries 

Biotechnology provides possible solutions to many economic, social, and environmental problems 

that face developing countries [49]. Agricultural biotechnology is a knowledge-intensive 

technology that builds on advances in the life and engineering sciences. Agricultural 

biotechnology has been practiced since the beginning of agriculture, as people have sought to 

improve agriculturally important organisms by selection and breeding. Through biotechnology, 

living plants, animals and micro-organisms can be altered to produce specific and beneficial traits. 

Applications of biotechnology in agriculture exist in the whole life cycle of all types of organisms, 

including input industries such as seed producers and manufacturers of agricultural chemicals, and 

output industries such as food and feed processing. Since the first bio safety regulations were 

implemented in 1986 in the US, the dominant markets for biotech products are the industrialized 

countries of the world. In the US, which has the most advanced biotechnology industry, at least 68 

genetically engineered crops are being approved or have been commercialized. The scientific 

breakthrough of having the complete map of the human genome has unleashed a new era for 

biotechnology companies scrambling to gain an edge. 

Biotechnology in the food and feed producing sectors has mainly focused on genetic manipulation 

for creating ‘improved’ plant varieties and animal breeds to improve productivity. The global 

agricultural biotechnologies market was valued at $13.6 trillion in 2010. Growth is expected to 

continue, albeit the growth rate has significantly slowed in recent years. In developing countries, 

demand for genetically engineered (GE) crops is projected to increase rapidly. More than half of 

the people in the world are starving every day, mostly in developing countries. Biotechnology 

could be used to reduce food prices by increasing the abundance of food. Genetically modified 

(GM) food has the potential to shrink the gap between food production and population growth. An 

estimated 7.7 billion or nearly 20% of the world’s people are living in hunger in 2006 [50]. Africa 

is the only continent in the world which has had numbers and percentages of food-insecure people 

continuously increase since the early 1990s. At current trends, the region will not meet the target 

set in the 1974 World Food Conference, which called for the eradication of hunger from the globe 

within a decade. Unquestionably, biotechnology should be a critical part of the escalating 

technology in agriculture to feed the global village. Developing countries, home to 98% of the 

world’s hungry and undernourished people, are particularly pressured to innovate and adopt 

biotechnology. 

14.2. International Collaborations 

Thanks to the Internet and 21st century advancements in technology, we are all part of an ever-
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shrinking globe. And this is as true for translational and clinical researchers as it is for anyone. 

Indeed, the globe is perhaps even smaller for scientists, who are notorious idea pirates ([51]). 

Additionally, translational research, which helps uncover the answers to needs in the clinical field, 

benefits from a multi-disciplinary, as well as multi-institutional, collaborative team approach to 

adequately "translate" basic and applied research but also other types of proceeding and findings 

that otherwise are left unread, such that it becomes available to patients as quickly as possible. 

Many are dedicated to this ideal, committed to hastening these outcomes and thereby bringing 

relief to patients worldwide; thus movement toward international collaboration would be a natural 

and fitting progression to realizing this goal. 

If you find yourself on the brink of embarking on cross-cultural/ cross-institutional research, or are 

involved with an organization considering such partnerships, the following recommended 

guidelines highlight the first steps that you can take to ensure that everyone’s efforts are fruitful, 

and to make an effort to avoid the common pitfalls of such collaborations. Perhaps future 

breakthroughs and advances in biostatistics and bioscience will arise more from international 

collaborations than from one’s own method of proceeding. Given the utility of such guidelines, 

demonstration of independent favourability in science, coupled with funding should be seen in a 

practical light. Generous resources are required to build and sustain an operational approach and 

intention. 

15. Conclusion 

Advances in technology are altering the biosciences and biotechnologies and, perhaps most 

fundamentally, the relations between the two. This development is seen as multi-faceted, and it 

presents profound technical, theoretical, and practical challenges. Both opportunity and discipline 

lie in the unacknowledged junctures. Schooling in biosciences and biotechnologies takes for 

granted seemingly natural cleavages between basic and applied research, differentiating along the 

lines of disciplines, methods, materialities, standards, foundational principles, and various 

traditions of knowledge production. Parameters of the education and training in these disciplines 

are tightly marked within the borders of the corresponding field. Here it becomes necessary to 

reassess some of the basic presumptions behind the education in the biosciences and 

biotechnologies, and, by the same token, to re-consider some essential (and up to now mostly 

tacit) points of division between the respective disciplines. This exercise is prompted by the 

observation that, against the expectations, it seems that many of the frontiers in biosciences and 

biotechnologies today are located at the unacknowledged intersections between theory and 

application. Given the existing training, this may indicate that some of the most significant 

developments in the field could be missed in advance. The following considerations are aimed at 

sketching general outlines of these changes, and, at the same time, they should indicate some 

implications for practice. The ways in which biotechnologies have been integrated into 

biosciences impacts not only the culture of science, but also the forms of life. No social formation, 

not even capitalistic societies, can thrive on a strict division between those who apply science and 

those who produce it. In sum, current technological developments mark a strategic shift in the 

biosciences and related sciences, calling for a new kinds of training, understanding and 

organisation. Thus it is essential to ponder, for most concrete reasons, what are the manifestations 

and implications of such a shift. 
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