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Preface

Life science, especially biotechnology, has developed rapidly in
recent years. Great achievements have been made and these
achievements not only draw attention from academic circle, but also
make great effect on human beings’ life. This is an encouraging age.
People from all walks of life are eager to know the latest outcome
and the potential applications of biotechnology. In order to meet the
readers’ need, we edit this Scientific English on Biotechnology. This
book is intended to help the readers master the knowledge of
biotechnology and improve the scientific English reading ability.

The articles chosen here highlight the up-to-date research and
achievements and at the same time the basic knowledge of this field
is also introduced. We hope in this way, the readers can not only
know the breakthrough in this field, but also strengthen their basic
knowledge. To avoid being too professional, the articles selected
should explain deep theories with simple words and easily —
understood examples. There are fourteen units in this books and
each one has two articles. The two articles are chosen on one subject
for a better understanding of both biological and English knowledge.
All part A articles are translated and exercises are attached to each
one.

This book is a product of group work. Except the editors, I
must thank several people for their help. The publishers and
Associate Professor Hu Jiaying provided the initial push to get the
project under way. I am indebted to Professor Li J ingpeng at North



East Agriculture University for reading the text and suggesting
improvements. This book would never have been finished without
their help.

Jia Hongbo
2002.10
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Unit 1
Pt A

A Basic Primer on Biotechnology

Michael D. Peel and David F. Betsch

1 Biotechnology Defined

Biotechnology can be broadly defined as “using living organisms
or their products for commercial purposes. ” As such, biotechnology
has been practiced by human society since the beginning of recorded
history in such activities as baking bread. brewing alcoholic
beverages or breeding food crops or domestic animals. A narrower
and more specific definition of biotechnology is “the commercial
application of living organisms or their products, which involves the
deliberate manipulation of their DNA molecules”. This definition
implies a set of laboratory techniques developed within the last 20
years that have been responsible for the tremendous scientific and
commercial interest in biotechnology, the founding of many new
companies, and the redirection of research efforts and financial
resources among established companies and universities. These
laboratory techniques provide scientists with a spectacular vision of
the design and function of living organisms, and provide
technologists in many fields with the tools to implement exciting
commercial applications.



2 Principles of Biology

Biotechnology and its use to modify the genetic makeup of
living organisms has become a topic of heated discussion in recent
years. Confusion is plentiful on the topic of biotechnology and
genetically modified organisms (GMOs). The purpose of this section
is to discuss genetic/biochemical processes at a basic level.

2.1 Genome

The complete set of genetic instructions for a living organism is
contained in its genetic code, referred to as its genome. The genome
for each organism differs by the number and size of chromosomes
and the number of genes each contains. Each chromosome is
composed of a single strand of deoxyribonucleic acid (DNA) and
specialized protein molecules. (Figure la and Figure 1b). Coding
regions called genes are along the DNA strand of each chromosome.
Only specific regions of each chromosome code for genes. Alternate
forms of genes in each organism account for the differences between
individuals. Each DNA strand is composed of similar repeating units
called nucleotides (Figure 1c). Four different nucleotide bases are
present in DNA. They are adenine (A), thymine (T), cytosine
(C), and guanine (G). The specific order of these bases in a gene
coding region on the DNA strand specify exact genetic instructions.

Two DNA strands are held together by bonds between the
bases; these constitute base pairs. Often the size of a genome is
referred to by its number of base pairs. Each time a cell divides, the
full genome is replicated and each daughter cell receives an exact
copy of the genetic code( Figure 1d). Each strand of DNA directs the
synthesis of a complementary strand with free nucleotides matching
up with their new complementary bases on each of the strands.
Strict base pairing is adhered to; A will only pair with T, and C will
only pair with G. Each daughter cell receives one old and one new
DNA strand(Figure 1e). .

2.2 Genes
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Figure 1. The basic structure and function
of chromosomes and genes

The genes on each DNA strand contain the basic physical and
functional units of heredity. A gene is a specific sequence of
nucleotide bases, whose sequences carry the information required for
constructing proteins. In turn, proteins regulate the expression of
the genes and provide structural components and enzymes for
biochemical reactions necessary for all living organisms. The protein-
coding instructions from genes are transmitted indirectly through
messenger ribonucleic acid ( mRNA), a transient intermediary
molecule similar to a single strand of DNA. For the information
within a gene to be expressed, a complementary RNA strand is
produced (by a process called transcription) from the DNA temnplate
in the nucleus(Figure 1f). This mRNA is moved from the nucleus to
the cellular cytoplasm, where it serves as the template for protein
synthesis. The cell's protein-synthesizing machinery then translates
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the genetic code, or codons, into a string of amino acids that will
constitute the protein molecule (by a process called translation )
encoded by the gene ( Figure lg). Following modification, the
resulting protein can begin its function either as an enzyme,
structural or regulatory protein.

Proteins are large, complex molecules made up of long chains of
amino acid subunits. There are 20 different amino acids. Within a
gene, each specific sequence of three DNA bases (codons) directs
the cell’s protein-synthesizing machinery to add a specific amino
acid. For example, the base sequence ATG codes for the amino acid
methionine (any biochemistry text will have a complete list of amino
acids and their corresponding codons). The genetic code is thus a
series of codons that specify which amino acids are required to make
the specific protein a gene codes for. The genetic code is the same
for all living organisms.

Not all genes are expressed in all tissues. For example, the
tassel and developing ears on a corn plant (Zea mays) produce polien
and embryos that will develop into seed. The differences between
these two plant parts are ultimately controlled by gene expression.
The differential expression of genes is controlled by its promoter.
The expression of a few genes in plants are controlled by
environmental factors such as sunlight, temperature, and day
length. These three factors are important in triggering flowering in
many plant species.

3 Using of biotechnology:

Biotechnology includes a vast array of tools used in research and
modification of biological systems. These include: genetic mapping,
the process of identifying the location of a gene on a chromosome and
elucidating the gene sequence; molecular based disease diagnosis,
identifying specific alleles (alternate forms of a gene) of a gene
which cause genetic diseases; gene therapy, replacing an absent or
defective gene with a working one enabling normal body function;
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forensic science, solving crimes and identifying human remains not
previously possible; and genetic transformation, movement of a gene
or group of genes from one organism to another. This process is also
called genetic engineering.

3.1 Genetic Transformation (genetic engineering. )

Genetic transformation is the area of biotechnology that has
created the greatest amount of stir and which will be the focus from
this point on. Organisms with genetic material from another
organism are often referred to as genetically modified organisms or
GMQs. Since all crop and domesticated animal species have been
genetically modified since the dawn of time, technically they are also
GMOs. When referring to organisms with a ‘gene from another
species, transgenic is a more accurate description.

Many of the processes of biotechnology have been used for
many years. Insulin from pigs and cows was historically used to
treat diabetes and was beneficial to a many. However, there was not
a consistent supply and some individuals developed adverse reactions
to this type of insulin because their bodies recognized it as foreign
and mounted an immune response. Human insulin produced through
cloning and inserting human genes in bacteria resulted in insulin that
did not cause an immune response. This was the first pharmaceutical
produced through biotechnology and it has insured a consistent
reliable source of human insulin.

Before a gene is transferred to another organism it must be
identified, isolated and cloned. In the laboratory, the mRNA
molecule from a gene being expressed can be isolated and used as a
template to synthesize a complementary DNA (¢DNA) strand. This
isolated cDNA strand can then be cloned ( duplicated ) for
transformation into another species. The ¢cDNA strand can be used
to locate the corresponding gene on a chromosome, or map it.

Transformation is typically accomplished by using either
Agrobacterium tumefaciens or particle acceleration and the gene gun
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(Figure 2). Agrobacterium tumefaciens is a bacteria that occurs in
nature. It contains a small circular piece of DNA called a Ti plasmid
(Ti for tumor inducing). When this bacterium infects certain woody
plant species, the Ti plasmid enters cells of the host plant. Certain
regions of the Ti plasmid insert themselves into the host cell’s
genome. This insertion occurs in a region of the DNA strand with a
specific sequence. The host cell then expresses the gene from the
bacteria, which induces massive cell growth and the resultant plant
tumor the bacteria is named for (Figure 3). Biotechnology utilizes
this natural transformation process by removing the bacterial genes
from the region transferred to the host genome and substituting
genes of interest (Figure 2a). Agrobacterium use for transformation
is limited because it will only infect certain dicotyledonous species.

The other transformation process involves coating gold particles
with genes of interest. The gold particles are shot into single cells of
the plant of interest with the gene gun. This is commonly referred
to as particle acceleration. In a process not fully understood, the
transgene(s) are incorporated into a DNA strand of the host genome
(Figure 2b). This process is inefficient but does not have the host
species limitation of Agrobacterium.

Both processes require the use of plant tissue culture. Individual
cells of the plant to be transformed are cultured. These are then
subjected to the transformation process. Non-transformed cells must
be eliminated. This is done with selectable marker genes. In the
case of the Roundup Ready gene, Roundup (glyphosate) is used
directly as the selectable marker, since Roundup will kill non-
transformed cells. When another trait of interest is being
transformed in the crop, a selectable marker like antibiotic or
herbicide resistance is used. The cells in culture are treated with the
herbicide or an antibiotic. Only those cells that were transformed
with the two genes will survive. Whole plants are then regenerated
from the single cells that survive.
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