Preface

Genetic analysis can be used generally to describe methods both
used in and resulting from the sciences of genetics and molecular
biology, or to applications resulting from this research. Genetic analysis
may be done to identify genetic/inherited disorders and also to make
a differential diagnosis in certain somatic diseases such as cancer.
Genetic analyses of cancer include detection of mutations, fusion
genes, and DNA copy number changes. Genetic analyses include
molecular technologies such as PCR, RT-PCR, DNA sequencing, and
DNA microarrays, and cytogenetic methods such as karyotyping and
fluorescence in situ hybridisation.

The most common form of genetic engineering involves the
insertion of new genetic material at an unspecified location in the host
genome. This is accomplished by isolating and copying the genetic
material of interest using molecular cloning methods to generate a
DNA sequence containing the required genetic elements for expression,
and then inserting this construct into the host organism. Other forms
of genetic engineering include gene targeting and knocking out specific
genes via engineered nucleases such aszine finger nucleases or
engineered homing endonucleases. Genetic engineering technigues
have been applied in numerous fields including research, biotechnology,
and medicine. Medicines such as insulin and human growth hormone
are now produced in bacteria, experimental mice such as the oncomouse
and the knockout mouse are being used for research purposes and
insect resistant and/or herbicide tolerant crops have been
commercialized. Genetically engineered plants and animals capable
of producing biotechnology drugs more cheaply than current methods
(calledpharming) are also being developed and in 2009 the FDA
approved the sale of the pharmaceutical protein antithrombin produced
in the milk of genetically engineered goats.

Humans have altered the genomes of species for thousands of
years through artificial selection and more recently mutagenesia.
Genetic engineering as the direct manipulation of DNA by humans
outside breeding and mutations has only existed since the 1970s. The
term “genetic engineering” was first coined by Jack Williamson in his
science fiction novel Dragon’s Island, published in 1951, one year
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before DNA’s role in heredity was confirmed by Alfred Hershey and
Martha Chase, and two years before James Watson and Francis Crick
showed that the DNA molecule has a double-helix structure. In 1972
Paul Berg created the first recombinant DNA molecules by combining
DNA from the monkey virus SV40 with that of the lambda virus. In
1973 Herbert Boyer and Stanley Cohen created the first transgenic
organism by inserting antibiotic resistance genes into the plasmid of
an E. coli bacterium. A year later Rudolf Jaenisch created a transgenic
mouse by introducing foreign DNA into its embryo, making it the
world's first transgenic animal. In 1976 Genentech, the first genetic
engineering company was founded by Herbert Boyer and Robert
Swanson and a year later and the company produced a human protein
(somatostatin) in E.coli. Genentech announced the production of
genetically engineered human insulin in 1978. In 1980, the U.S.
Supreme Court in the Diamond v. Chakrabarty case ruled that
genetically altered life could be patented. The insulin produced by
bacteria, branded humulin, was approved for release by the Food and
Drug Administration in 1982.

The first field trials of genetically engineered plants occurred in
France and the USA in 19886, tobacco plants were engineered to be
resistant to herbicides. The People’s Republic of China was the first
country to commercialize transgenic plants, introducing a virus-
resistant tobacco in 1992, In 1994 Calgene attained approval to
commercially release the Flavr Savr tomato, a tomato engineered to
have a longer shelf life. In 1994, the European Union approved tobacco
engineered to be resistant to the herbicide bromoxynil, making it the
first genetically engineered crop commercialized in Europe. In 1995,
Bt Potato was approved safe by the Environmental Protection Agency,
making it the first pesticide producing crop to be approved in the USA.
In 2009 11 transgenic crops were grown commercially in 25 countries,
the largest of which by area grown were the USA, Brazil, Argentina,
India, Canada, China, Paraguay and South Africa. In 2010, scientists
at the J. Craig Venter Institute, announced that they had created the
first synthetic bacterial genome, and added it to a cell containing no
DNA. The resulting bacterium, namedSynthia, was the world’s first
synthetic life form.

The book is designed for students and teachers of genetics, cell
biology and biochemistry. These consider various genetic techniques
that are useful in studying of this subject.

—Editor



