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Introductory Biotechnology 
Unit I 

Introduction: What is Biotechnology? 

What is agriculture? 

What is biology? 

What is biotechnology? 

History of biotechnology 

What do you do with it? 

Why do it? 

Who does it? 

Science method to solve a problem 

The role of biotechnology in our society 

The role of genetic variation and natural selection in evolution 

Applications of biotechnology 

Careers in biotechnology 

Unit II 

Biochemistry and the Cell 

Atoms, Elements, Compounds 

Chemical bonds 

Life's key elements 

Relate 5 key elements to the essential compounds of all living organisms. 

Chemical reactions 

Organic compounds 

Proteins, Carbohydrates, Lipids, Nucleic Acids 

Compare and contrast the role of Proteins, Carbohydrates, Lipids, and Nucleic Acids in life. 

Enzymes 

Explain the role of enzymes in living organisms. 

Carbon - Oxygen cycle 

Cells & Basic structure 

Identify and locate cell structures and relate them to their functions 

Using energy 

Discover the importance of glucose to living organisms. 

Fermentation 

Using a microscope to compare different types of cells 

Unit III 

Molecular Biology 

Nucleotides 

Key elements and molecules 



The structure of DNA 

Base pairing 

The way in which genetic material is copied 

DNA and RNA 

Describe the structure and function of RNA as is relates to protein synthesis. 

Explain how proteins are made. 

Replication, Transcription, Translation and Protein Synthesis 

TLW--Extract DNA from known substances 

Restriction enzymes 

The value of gel electrophoresis in learning the genetic code 

Amplification & Cloning 

Unit IV 

Genetics 

Genes and Inheritance 

Genes and DNA 

Relate genes and heredity to DNA. 

Discover patterns of inheritance in living organisms. 

Homozygous and Heterozygous 

Dominance and Recessiveness 

Punnet squares F1, F2, F... 

Using a Punnet Square to determine patterns of inheritance in monohybrid (1-factor) and 

dihybrid (2-factor) crosses 

Problem solving 

Using a computer model to solve genetic/heredity problems 

Isolate and fingerprint DNA to discover the infinite potential of the genetic code. 

Karyotype chromosomes to discover how sex and certain diseases are inherited. 

Disease and disorders 

Genetic counseling 

Unit V 

Microbiology 

Bacteria and viruses as pathogens 

The characteristics of bacteria 

The characteristics of viruses 

Harmful versus helpful bacteria and viruses 

Antigen and Antibody 

Understanding how the immune system combats pathogens 

Cultures, Sterile techniques 

Using sterile techniques to culture bacteria 

Transformation, Plasmids and Conjugation 

Engineering with microbes 

Why bacteria and viruses are essential tools of biotechnology. 



Immune system 

How the immune response is used in the development of consumer products, industry, and 

medicine. 

Unit VI 

Applications of Biotechnology 

Plants 

Plant systems 

The anatomical and physical development of plants 

Photosynthesis / Respiration 

Sexual vs. Asexual Reproduction 

Describe the principles of sexual and asexual reproduction in plants. 

Propagate plant tissue using tissue culture techniques. 

Animals 

Animal systems 

The anatomical and physical development of animals 

Digestion / Rumination the digestion process in a ruminant animal. 

The principles of reproductions in animals 

Reproduction Technologies 

* Artificial Insemination 

* Embryo Transfer 

* Embryo Sexing 

* Cloning Embryos 

The process of embryo sexing, splitting, and cloning 

Recombinant DNA 

* BST 

* Genetic Engineering in Animals 

Appropriate techniques in setting up animal tissue cultures 

Food Science 

Food composition 

Food safety 

Food preservation 

How biotechnology is used to insure the safety of food and food processing. 

The role of biotechnology in consumer foods 

Fermentation 

* Industrial 

* Traditional 

Medical 

Antibody 

Antigen 

Using the interactions between antigen and antibody to determine hormone levels 

Vaccines 



How vaccines provide immunity to diseases. 

Infectious diseases 

Viruses 

Blood typing 

Describe the production, use, and abuse of antibiotics. 

Describe the current research being done on HIV and cancer 

The Human Genome Project 

The Human Genome 

Goals of the Human Genome Project 

Genetic Linkage Maps 

Polymorphic DNA Markers 

Physical Maps 

Sequence - Tagged Sites 

Integrating Genetic Linkage 

DNA Sequencing 

Ethical, Legal and Social Implications 

Unit VIII 

Ethical Issues and the Future 

The positives, negatives, and importance of biotechnology 

What are the issues? 

Is there a right and wrong? 

Crime / forensics & DNA? 

Super humans and eugenics 

Is Jurassic Park possible? 

Environmental impact / "over-engineering" 

Saving endangered species 

Current issue in biotechnology 

The ethics of genetic engineering and biotechnology 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

What is agriculture? 

 

What is biology? 

 
What is biotechnology? 

The term biotechnology, often referred to as biotech, brings to mind many different things. 

Many people think that biotechnology only involves genetic research. Cloning, the human 

genome project, movies, news, and pop culture focusing on genetic research have 

contributed to this. However, the field of biotechnology is much broader. Genetic 

engineering of crops for agriculture, bioremediation, food processing, drugs, and proteomics 

are all included in the field of biotechnology. Biotechnology is the branch of technology that 

utilizes living organisms or biological systems to modify humans and their environment. 

Biotechnology is also not only limited to high-tech or prototype technologies, humans have 

been practicing biotechnology for centuries. The most primitive examples include the 

breeding of dogs and using yeast to make bread rise. 

What advantage do the products of biotechnology have over regular drugs and treatments? 

Drugs and therapies from Gattaca (science-fiction movie) are designed to be most effective 

according to the genome of each patient. This allows our drugs to be specifically designed 

and more effective. Fewer side effects are encountered because our knowledge of the human 

genome allows us to design drugs specific to your needs- drugs that target specific systems. 

Synthetically manufactured drugs are not as specific in their actions and tend to cause more 

side effects.  

Biotechnology also has it uses beyond medicine or agriculture. DNA fingerprinting was a 

forensic breakthrough. Investigators can now determine the identity of a criminal just by 

analyzing DNA from a hair strand or drop of blood at the crime scene. 

Biotechnology: A brief history 

By the definition above, early Neolithic humans have used biotechnology to survive. 

Therefore, it is common practice to divide biotechnology into two eras: traditional and 

modern. 

Traditional Biotechnology 

Traditional biotechnology has been in use for thousands of years, probably since the 

beginning of civilization. Since the domestication of the dog during the Mesolithic Period of 

the Stone Age, selective breeding has a form of biotechnology. For thousands of years the 

best animals and plants have been bred together. Each successive generation has been more 

likely to carry the desirable traits of the plant or animal. A hundred years ago an organism’s 

DNA would be scanned to look for desirable traits and the organisms with the traits would be 

bred. This is no longer necessary since we can genetically engineer animals. 

Another form of biotechnology that has been around for thousands of years is the use of 

microorganisms in food. Microorganisms are used to turn milk into cheese and yogurt. They 



are used to ferment beer and wine. Yeast is used in bread to make it rise. All of this can be 

considered biotechnology because it utilizes organisms. 

Modern Biotechnology  

Modern biotechnology deals more with the treatment of ailments and alteration of organisms 

to better human life. Most breakthroughs in biotechnology have all been relatively current, 

with the earliest advancement being about 170 years ago with the discovery of microbes. 

Proteins were only discovered in 1830, with the isolation of the first enzyme following 

closely three years later. In 1859, Darwin published his revolutionary book, On the Origin of 

Species. Six years later, Gregor Mendel, considered the father of modern genetics, discovers 

the laws of heredity and laid the groundwork for genetic research. Near the turn of the 

century, Louis Pasteur and Robert Koch provided the basis for research in microbiology. 

These numerous advancements allowed modern biotechnology to rise. 

With the advent of X-ray diffraction, Watson and Crick discovered the structure of 

deoxyribonucleic acid (DNA)- a double helix. This is considered one of the most important 

discoveries in biotechnology it has led to the possibility to directly alter genetic traits. Key 

advances in biotechnology that followed include Nirenberg and Khorana deciphering the 

codons of 20 amino acids and Borlaug successfully increasing the yield of wheat by 70%. 

 

The Structure of DNA discovered by Watson and Crick-the double helix (from CSIRO) 

In addition to these numerous early advances, the first restriction enzyme was discovered in 

1970. These discoveries ultimately allowed researchers to insert foreign genes into bacteria 

in 1973. This breakthrough was the basis of recombinant DNA and is considered the birth of 

modern biotechnology. 

The first major product of biotechnology was insulin. In the 1920’s, it was already possible 

to isolate insulin from the pancreas of pigs and cows. However, some diabetics are allergic to 

bovine and with the growing need for insulin; biochemists began to look for a more effective 

solution. They turned to new technologies of biotechnology, specifically recombinant DNA. 

They inserted an insulin-producing gene into bacteria and cloned these vectors. Using these 

methods, they were able to able make bacteria produce human insulin. 

http://library.thinkquest.org/04apr/00217/en/biology/dna/index.html
http://library.thinkquest.org/04apr/00217/en/products/recdna/about.html
http://library.thinkquest.org/04apr/00217/en/products/recdna/about.html


 

Human Insulin (From U. of Arizona) 

 Current events in biotechnology 

The “Dawn of Biotech” is considered from the first production of insulin around 1970 to 

present. The common view of biotechnology is just the field that deals with genes and 

cloning. However, not until very recently was the first mammal cloned. In 1997, researchers 

in Scotland cloned a sheep named Dolly. Shortly after, another sheep named Polly was 

cloned, with one key difference. Polly had been cloned with nuclear transfer technology, 

therefore Polly had genes from another organism, the human. Other advancements in 1997 

include artificial human chromosomes and researchers from Oregon claiming to have cloned 

two rhesus monkeys.  

In 1998, there was a breakthrough that rivaled the cloning of Dolly in importance. For years, 

molecular biologists were interested in studying stem cells because of their ability to grow 

into any other type of cell in the human body. Two teams in this year successfully grew stem 

cells and sparked the field of embryonic stem cell research. Bioethics and the ensuing 

controversies are also attributed to this. In addition, the genome of an animal, the small 

worm C. elegans, was assembled and laid the basis of the technology and procedures used to 

determine the human genome.  

In 1999, antibody analysis was made available to investigators as another tool to help bring 

down criminals. If a DNA test failed, an antibody analysis might produce results. Another 

breakthrough in 1998 was the completion of the human genome map, a genetic map showing 

where genes are located on chromosomes. Foods created or improved through genetic 

engineering were soaring and became the subject of some scrutiny on whether it was safe to 

eat.  

The year 2000 was one of the most defining years in biotechnology as well as human history. 

The human genome project was completed, and was released by Craig Venter and Francis 

Collins. Dr. Peter St. George-Hyslop successfully immunized  

Overview and Brief History of Biotechnology 

 



Biotechnology seems to be leading a sudden new biological revolution. It has brought us to 

the brink of a world of "engineered" products that are based in the natural world rather than 

on chemical and industrial processes. Biotechnology has been described as "Janus-faced". 

This implies that there are two sides. On one, techniques allow DNA to be manipulated to 

move genes from one organism to another. On the other, it involves relatively new 

technologies whose consequences are untested and should be met with caution. The term 

biotechnology was coined in 1919 by Karl Ereky, a Hungarian engineer. At that time, the 

term meant all the lines of work by which products are produced from raw materials with the 

aid of living organisms. Ereky envisioned a biochemical age similar to the stone and iron 

ages. (Bud, 1989)  

A common misconception among teachers is the thought that biotechnology only includes 

DNA and genetic engineering. To keep students abreast of current knowledge, teachers 

sometimes have emphasized the techniques of DNA science as the "end-and-all" of 

biotechnology. This trend has also led to a misunderstanding in the general populous. 

Biotechnology is NOT new. Man has been manipulating living things to solve problems and 

improve his way of life for millennia.  

Early agriculture concentrated on producing food. Plants and animals were selectively bred 

and microorganisms were used to make food items such as beverages, cheese and bread.  

The late eighteenth century and the beginning of the nineteenth century saw the advent of 

vaccinations, crop rotation involving leguminous crops, and animal drawn machinery.  

The end of the nineteenth century was a milestone of biology. Microorganisms were 

discovered, Mendel's work on genetics was accomplished, and institutes for investigating 

fermentation and other microbial processes were established by Koch, Pasteur, and Lister.  

Biotechnology at the beginning of the twentieth century began to bring industry and 

agriculture together. During World War I, fermentation processes were developed that 

produced acetone from starch and paint solvents for the rapidly growing automobile 

industry. Work in the 1930s was geared toward using surplus agricultural products to supply 

industry instead of imports or petrochemicals. The advent of World War II brought the 

manufacture of penicillin. The biotechnical focus moved to pharmaceuticals. The "cold war" 

years were dominated by work with microorganisms in preparation for biological warfare as 

well as antibiotics and fermentation processes. (Goodman, 1987)  

Biotechnology is currently being used in many areas including agriculture, bioremediation, 

food processing, and energy production. DNA fingerprinting is becoming a common practice 

in forensics. Similar techniques were used recently to identify the bones of the last Czar of 

Russia and several members of his family. Production of insulin and other medicines is 

accomplished through cloning of vectors that now carry the chosen gene. Immunoassays are 

used not only in medicine for drug level and pregnancy testing, but also by farmers to aid in 

detection of unsafe levels of pesticides, herbicides and toxins on crops and in animal 

products. These assays also provide rapid field tests for industrial chemicals in ground water, 

sediment, and soil. In agriculture, genetic engineering is being used to produce plants that are 

resistant to insects, weeds and plant diseases.  



A current agricultural controversy involves the tomato.  A recent article in the New Yorker 

magazine (Seabrook, 1993) compares the discovery of the edible tomato that came about by 

early biotechnology with the new "Flavr-savr" tomato brought about through modern 

techniques. In the very near future, you will be given the opportunity to bite into the Flavr 

Savr tomato, the first food created by the use of recombinant DNA ever to go on sale. What 

will you think as you raise the tomato to your mouth? Will you hesitate? This moment may 

be for you as it was for Robert Gibbon Johnson in 1820 on the steps of the courthouse in 

Salem, New Jersey. Prior to this moment, the tomato was widely believed to be poisonous. 

As a large crowd watched, Johnson consumed two tomatoes and changed forever the human-

tomato relationship. Since that time man has sought to produce the supermarket tomato with 

"that back-yard flavor." Americans also want that tomato available year-round. New 

biotechnological techniques have permitted scientists to manipulate desired traits. Prior to 

the advancement of the methods of recombinant DNA, scientists were limited to the 

techniques of their time - cross-pollination, selective breeding, pesticides, and herbicides. 

Today's biotechnology has its "roots" in chemistry, physics, and biology. The explosion of 

the techniques has resulted in three major branches: genetic engineering, diagnostic 

techniques, and cell/tissue techniques.  
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