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Chapter- 1 

Genetic Engineering 

 

 
Genetic engineering, also called genetic modification, is the direct human manipulation 
of an organism's genetic material in a way that does not occur under natural conditions. It 
involves the use of recombinant DNA techniques, but does not include traditional animal 
and plant breeding or mutagenesis. Any organism that is generated using these techniques 
is considered to be a genetically modified organism. The first organisms genetically 
engineered were bacteria in 1973 and then mice in 1974. Insulin producing bacteria were 
commercialized in 1982 and genetically modified food has been sold since 1994. 

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, generating a construct containing all the 
genetic elements for correct 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 as zinc finger nucleases or engineered 
homing endonucleases. 

Genetic engineering techniques 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 (called pharming) 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. 

Definition 

Genetic engineering alters the genetic makeup of an organism using techniques that 
introduce heritable material prepared outside the organism either directly into the host or 
into a cell that is then fused or hybridized with the host. This involves using recombinant 
nucleic acid (DNA or RNA) techniques to form new combinations of heritable genetic 
material followed by the incorporation of that material either indirectly through a vector 
system or directly through micro-injection, macro-injection and micro-encapsulation 
techniques. Genetic engineering does not include traditional animal and plant breeding, in 
vitro fertilisation, induction of polyploidy, mutagenesis and cell fusion techniques that do 
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not use recombinant nucleic acids or a genetically modified organism in the process. 
Cloning and stem cell research, although not considered genetic engineering, are closely 
related and genetic engineering can be used within them. Synthetic biology is an 
emerging discipline that takes genetic engineering a step further by introducing 
artificially synthesized genetic material from raw materials into an organism. 

If genetic material from another species is added to the host, the resulting organism is 
called transgenic. If genetic material from the same species or a species that can naturally 
breed with the host is used the resulting organism is called cisgenic. Genetic engineering 
can also be used to remove genetic material from the target organism, creating a knock 
out organism. In Europe genetic modification is synonymous with genetic engineering 
while within the United States of America it can also refer to conventional breeding 
methods. 

History 

Humans have altered the genomes of species for thousands of years through artificial 
selection and more recently mutagenesis. 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 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 combined 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 
1986, 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 
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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, named Synthia, was the world's first synthetic life form. 

Process 

Isolating the Gene 

 
 

Elements of genetic engineering 

First, the gene to be inserted into the genetically modified organism must be chosen and 
isolated. Presently, most genes transferred into plants provide protection against insects 
or tolerance to herbicides. In animals the majority of genes used are growth hormone 
genes. Once chosen the genes must be isolated. This typically involves multiplying the 
gene using polymerase chain reaction (PCR). If the chosen gene or the donor organism's 
genome has been well studied it may be present in a genetic library. If the DNA sequence 
is known, but no copies of the gene are available, it can be artificially synthesized. Once 
isolated, the gene is inserted into a bacterial plasmid. 
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Constructs 

The gene to be inserted into the genetically modified organism must be combined with 
other genetic elements in order for it to work properly. The gene can also be modified at 
this stage for better expression or effectiveness. As well as the gene to be inserted most 
constructs contain a promoter and terminator region as well as a selectable marker gene. 
The promoter region initiates transcription of the gene and can be used to control the 
location and level of gene expression, while the terminator region ends transcription. The 
selectable marker, which in most cases confers antibiotic resistance to the organism it is 
expressed in, is needed to determine which cells are transformed with the new gene. The 
constructs are made using recombinant DNA techniques, such as restriction digests, 
ligations and molecular cloning. 

Gene Targeting 

The most common form of genetic engineering involves inserting new genetic material 
randomly within the host genome. Other techniques allow new genetic material to be 
inserted at a specific location in the host genome or generate mutations at desired 
genomic loci capable of knocking out endogenous genes. The technique of gene targeting 
uses homologous recombination to target desired changes to a specific endogenous gene. 
This tends to occur at a relatively low frequency in plants and animals and generally 
requires the use of selectable markers. The frequency of gene targeting can be greatly 
enhanced with the use of engineered nucleases such as zinc finger nucleases, engineered 
homing endonucleases, or nucleases created from TAL effectors. In addition to 
enhancing gene targeting, engineered nucleases can also be used to introduce mutations 
at endogenous genes that generate a gene knockout. 

Transformation 

 
 

A. tumefaciens attaching itself to a carrot cell 

About 1% of bacteria are naturally able to take up foreign DNA but it can also be induced 
in other bacteria. Stressing the bacteria for example, with a heat shock or an electric 
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shock, can make the cell membrane permeable to DNA that may then incorporate into 
their genome or exist as extrachromosomal DNA. DNA is generally inserted into animal 
cells using microinjection, where it can be injected through the cells nuclear envelope 
directly into the nucleus or through the use of viral vectors. In plants the DNA is 
generally inserted using Agrobacterium-mediated recombination or biolistics. 

In Agrobacterium-mediated recombination the plasmid construct must also contain T-
DNA. Agrobacterium naturally inserts DNA from a tumor inducing plasmid into any 
susceptible plant's genome it infects, causing crown gall disease. The T-DNA region of 
this plasmid is responsible for insertion of the DNA. The genes to be inserted are cloned 
into a binary vector, which contains T-DNA and can be grown in both E. Coli and 
Agrobacterium. Once the binary vector is constructed the plasmid is transformed into 
Agrobacterium containing no plasmids and plant cells are infected. The Agrobacterium 
will then naturally insert the genetic material into the plant cells. 

In biolistics particles of gold or tungsten are coated with DNA and then shot into young 
plant cells or plant embryos. Some genetic material will enter the cells and transform 
them. This method can be used on plants that are not susceptible to Agrobacterium 
infection and also allows transformation of plant plastids. Another transformation method 
for plant and animal cells is electroporation. Electroporation involves subjecting the plant 
or animal cell to an electric shock, which can make the cell membrane permeable to 
plasmid DNA. In some cases the electroporated cells will incorporate the DNA into their 
genome. Due to the damage caused to the cells and DNA the transformation efficiency of 
biolistics and electroporation is lower than agrobacterial mediated transformation and 
microinjection. 

Selection 

Not all the organism's cells will be transformed with the new genetic material; in most 
cases a selectable marker is used to differentiate transformed from untransformed cells. If 
a cell has been successfully transformed with the DNA it will also contain the marker 
gene. By growing the cells in the presence of an antibiotic or chemical that selects or 
marks the cells expressing that gene it is possible to separate the transgenic events from 
the non-transgenic. Another method of screening involves using a DNA probe that will 
only stick to the inserted gene. A number of strategies have been developed that can 
remove the selectable marker from the mature transgenic plant. 

Regeneration 

As often only a single cell is transformed with genetic material the organism must be 
regrown from that single cell. As bacteria consist of a single cell and reproduce clonally 
regeneration is not necessary. In plants this is accomplished through the use of tissue 
culture. Each plant species has different requirements for successful regeneration through 
tissue culture. If successful an adult plant is produced that contains the transgene in every 
cell. In animals it is necessary to ensure that the inserted DNA is present in the 
embryonic stem cells. When the offspring is produced they can be screened for the 



_________________WORLD TECHNOLOGIES_________________

WT

presence of the gene. All offspring from the first generation will be heterozygous for the 
inserted gene and must be mated together to produce a homozygous animal. 

Confirmation 

Further tests using PCR, Southern Blots and Bioassays are needed to confirm that the 
gene is expressed and functions correctly. The organism's offspring are also tested to 
ensure that the trait can be inherited and that it follows a Mendelian inheritance pattern. 

Applications 

Genetic engineering has applications in medicine, research, industry and agriculture and 
can be used on a wide range of plants, animals and micro organism. 

Medicine 

In medicine genetic engineering has been used to mass-produce insulin, human growth 
hormones, follistim (for treating infertility), human albumin, monoclonal antibodies, 
antihemophilic factors, vaccines and many other drugs. Vaccination generally involves 
injecting weak live, killed or inactivated forms of viruses or their toxins into the person 
being immunized. Genetically engineered viruses are being developed that can still 
confer immunity, but lack the infectious sequences. Mouse hybridomas, cells fused 
together to create monoclonal antibodies, have been humanised through genetic 
engineering to create human monoclonal antibodies. 

Genetic engineering is used to create animal models of human diseases. Genetically 
modified mice are the most common genetically engineered animal model. They have 
been used to study and model cancer (the oncomouse), obesity, heart disease, diabetes, 
arthritis, substance abuse, anxiety, aging and Parkinson disease. Potential cures can be 
tested against these mouse models. Also genetically modified pigs have been bred with 
the aim of increasing the success of pig to human organ transplantation. 

Gene therapy is the genetic engineering of humans by replacing defective human genes 
with functional copies. This can occur in somatic tissue or germline tissue. If the gene is 
inserted into the germline tissue it can be passed down to that person's descendants. Gene 
therapy has been used to treat patients suffering from immune deficiencies (notably 
Severe combined immunodeficiency) and trials have been carried out on other genetic 
disorders. The success of gene therapy so far has been limited and a patient (Jesse 
Gelsinger) has died during a clinical trial testing a new treatment. There are also ethical 
concerns should the technology be used not just for treatment, but for enhancement, 
modification or alteration of a human beings' appearance, adaptability, intelligence, 
character or behavior. The distinction between cure and enhancement can also be difficult 
to establish. Transhumanists consider the enhancement of humans desirable. 
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Research 

 
 

Knockout mice 
 

 
 
Human cells in which some proteins are fused with green fluorescent protein to allow 
them to be visualised 

Genetic engineering is an important tool for natural scientists. Genes and other genetic 
information from a wide range of organisms are transformed into bacteria for storage and 
modification, creating genetically modified bacteria in the process. Bacteria are cheap, 
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easy to grow, clonal, multiply quickly, relatively easy to transform and can be stored at -
80°C almost indefinitely. Once a gene is isolated it can be stored inside the bacteria 
providing an unlimited supply for research. 

Organisms are genetically engineered to discover the functions of certain genes. This 
could be the effect on the phenotype of the organism, where the gene is expressed or 
what other genes it interacts with. These experiments generally involve loss of function, 
gain of function, tracking and expression. 

• Loss of function experiments, such as in a gene knockout experiment, in which 
an organism is engineered to lack the activity of one or more genes. A knockout 
experiment involves the creation and manipulation of a DNA construct in vitro, 
which, in a simple knockout, consists of a copy of the desired gene, which has 
been altered such that it is non-functional. Embryonic stem cells incorporate the 
altered gene, which replaces the already present functional copy. These stem cells 
are injected into blastocysts, which are implanted into surrogate mothers. This 
allows the experimenter to analyze the defects caused by this mutation and 
thereby determine the role of particular genes. It is used especially frequently in 
developmental biology. Another method, useful in organisms such as Drosophila 
(fruit fly), is to induce mutations in a large population and then screen the 
progeny for the desired mutation. A similar process can be used in both plants and 
prokaryotes. 

• Gain of function experiments, the logical counterpart of knockouts. These are 
sometimes performed in conjunction with knockout experiments to more finely 
establish the function of the desired gene. The process is much the same as that in 
knockout engineering, except that the construct is designed to increase the 
function of the gene, usually by providing extra copies of the gene or inducing 
synthesis of the protein more frequently. 

• Tracking experiments, which seek to gain information about the localization and 
interaction of the desired protein. One way to do this is to replace the wild-type 
gene with a 'fusion' gene, which is a juxtaposition of the wild-type gene with a 
reporting element such as green fluorescent protein (GFP) that will allow easy 
visualization of the products of the genetic modification. While this is a useful 
technique, the manipulation can destroy the function of the gene, creating 
secondary effects and possibly calling into question the results of the experiment. 
More sophisticated techniques are now in development that can track protein 
products without mitigating their function, such as the addition of small sequences 
that will serve as binding motifs to monoclonal antibodies. 

• Expression studies aim to discover where and when specific proteins are 
produced. In these experiments, the DNA sequence before the DNA that codes for 
a protein, known as a gene's promoter, is reintroduced into an organism with the 
protein coding region replaced by a reporter gene such as GFP or an enzyme that 
catalyzes the production of a dye. Thus the time and place where a particular 
protein is produced can be observed. Expression studies can be taken a step 
further by altering the promoter to find which pieces are crucial for the proper 
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expression of the gene and are actually bound by transcription factor proteins; this 
process is known as promoter bashing. 

Industrial 

By engineering genes into bacterial plasmids it is possible to create a biological factory 
that can produce proteins and enzymes. Some genes do not work well in bacteria, so 
yeast, a eukaryote, can also be used. Bacteria and yeast factories have been used to 
produce medicines such as insulin, human growth hormone, and vaccines, supplements 
such as tryptophan, aid in the production of food (chymosin in cheese making) and fuels. 
Other applications involving genetically engineered bacteria being investigated involve 
making the bacteria perform tasks outside their natural cycle, such as cleaning up oil 
spills, carbon and other toxic waste. 

Agriculture 

 
 
Bt-toxins present in peanut leaves (bottom image) protect it from extensive damage 
caused by European corn borer larvae (top image). 

One of the best-known and controversial applications of genetic engineering is the 
creation of genetically modified food. There are three generations of genetically modified 
crops. First generation crops have been commercialized and most provide protection from 



_________________WORLD TECHNOLOGIES_________________

WT

insects and/or resistance to herbicides. There are also fungal and virus resistant crops 
developed or in development. They have been developed to make the insect and weed 
management of crops easier and can indirectly increase crop yield. 

The second generation of genetically modified crops being developed aim to directly 
improve yield by improving salt, cold or drought tolerance and to increase the nutritional 
value of the crops. The third generation consists of pharmaceutical crops, crops that 
contain edible vaccines and other drugs. Some agriculturally important animals have been 
genetically modified with growth hormones to increase their size while others have been 
engineered to express drugs and other proteins in their milk. 

The genetic engineering of agricultural crops can increase the growth rates and resistance 
to different diseases caused by pathogens and parasites. This is beneficial as it can greatly 
increase the production of food sources with the usage of fewer resources that would be 
required to host the world's growing populations. These modified crops would also 
reduce the usage of chemicals, such as fertilizers and pesticides, and therefore decrease 
the severity and frequency of the damages produced by these chemical pollution. 

Ethical and safety concerns have been raised around the use of genetically modified food. 
A major safety concern relates to the human health implications of eating genetically 
modified food, in particular whether toxic or allergic reactions could occur. Gene flow 
into related non-transgenic crops, off target effects on beneficial organisms and the 
impact on biodiversity are important environmental issues. Ethical concerns involve 
religious issues, corporate control of the food supply, intellectual property rights and the 
level of labeling needed on genetically modified products. 

Other uses 

In materials science, a genetically modified virus has been used to construct a more 
environmentally friendly lithium-ion battery. Some bacteria have been genetically 
engineered to create black and white photographs while others have potential to be used 
as sensors by expressing a fluorescent protein under certain environmental conditions. 
Genetic engineering is also being used to create BioArt and novelty items such as blue 
roses, and glowing fish. 

Opposition and criticism 

A 2010 study of Canola found transgenes in 80% of wild (uncultivated or "feral") 
varieties in North Dakota, meaning 80% of the plants which had established themselves 
in the area were genetically engineered varieties. The researchers stated that "we found 
the highest densities of [such transgene-containing] plants near agricultural fields and 
along major freeways, but we were also finding plants in the middle of nowhere" adding 
that "over time,..the build-up of different types of herbicide resistance in feral [natural] 
canola and closely related weeds, like field mustard, could make it more difficult to 
manage these plants using herbicides." 
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Chapter- 2 

Gene Targeting 

 

 

 
 

A chimeric mouse gene targeted for the agouti coat color gene, with its offspring 

Gene targeting (also, replacement strategy based on homologous recombination) is a 
genetic technique that uses homologous recombination to change an endogenous gene. 
The method can be used to delete a gene, remove exons, add a gene, and introduce point 
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mutations. Gene targeting can be permanent or conditional. Conditions can be a specific 
time during development / life of the organism or limitation to a specific tissue, for 
example. Gene targeting requires the creation of a specific vector for each gene of 
interest. However, it can be used for any gene, regardless of transcriptional activity or 
gene size. 

Methods 

Gene targeting methods are established for several model organisms and may vary 
depending on the species used. In general, a targeting construct made out of DNA is 
generated in bacteria. It typically contains part of the gene to be targeted, a reporter gene, 
and a (dominant) selectable marker. 

To target genes in mice, this construct is then inserted into mouse embryonic stem cells in 
culture. After cells with the correct insertion have been selected, they can be used to 
contribute to a mouse's tissue via embryo injection. Finally, chimeric mice where the 
modified cells made up the reproductive organs are selected for via breeding. After this 
step the entire body of the mouse is based on the previously selected embryonic stem cell. 

 
 
Wild-type Physcomitrella and knockout-mosses: Deviating phenotypes induced in gene-
disruption library transformants. Physcomitrella wild-type and transformed plants were 
grown on minimal Knop medium to induce differentiation and development of 
gametophores. For each plant, an overview (upper row, scale bar corresponds to 1 mm) 
and a close-up (bottom row, scale bar equals 0.5 mm) is shown. A, Haploid wild-type 
moss plant completely covered with leafy gametophores and close-up of wild-type leaf. 
B-D, Different Mutants. 

To target genes in moss, this construct is incubated together with freshly isolated 
protoplasts and with Polyethylene glycol. As mosses are haploid organisms, regenerating 
moss filaments (protonema) can directly be screened for gene targeting, either by 
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treatment with antibiotics or with PCR. Unique among plants, this procedure for reverse 
genetics is as efficient as in yeast. Using modified procedures, gene targeting has also 
been successfully applied to cattle, sheep, swine, and many fungi. 

Comparison with gene trapping 

Gene trapping is a high-throughput approach that is used to introduce insertional 
mutations across the mammalian genome. It is performed with gene trap vectors whose 
principal element is a gene trapping cassette consisting of a promoterless reporter gene 
and/or selectable genetic marker flanked by an upstream 3’ splice site (splice acceptor; 
SA) and a downstream transcriptional termination sequence (polyadenylation sequence; 
polyA). When inserted into an intron of an expressed gene, the gene trap cassette is 
transcribed from the endogenous promoter of that gene in the form of a fusion transcript 
in which the exon(s) upstream of the insertion site is spliced in frame to the 
reporter/selectable marker gene. Since transcription is terminated prematurely at the 
inserted polyadenylation site, the processed fusion transcript encodes a truncated and 
non-functional version of the cellular protein and the reporter/selectable marker. Thus, 
gene traps simultaneously inactivate and report the expression of the trapped gene at the 
insertion site, and provide a DNA tag (gene trap sequence tag, GTST) for the rapid 
identification of the disrupted gene. An international public consortium International 
Gene Trap Consortium is centralizing the data and cell lines can be requested from them. 

Applications 

Gene targeting has been widely used to study human genetic diseases by removing 
"knock-out", or adding "knock-in", specific mutations of interest to a variety of models. 
Previously used to engineer rat cell models, advances in gene targeting technologies are 
enabling the creation of a new wave of isogenic human disease models. These models are 
the most accurate in-vitro models available to researchers to date, and are facilitating the 
development of new personalised drugs and diagnostics, particularly in the field of 
cancer. 

2007 Nobel prize 

Mario R. Capecchi, Martin J. Evans and Oliver Smithies were declared laureates of the 
2007 Nobel Prize in Physiology or Medicine for their work on "principles for introducing 
specific gene modifications in mice by the use of embryonic stem cells", or gene 
targeting. 
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Chapter- 3 

Transformation 

 

 
In molecular biology transformation is the genetic alteration of a cell resulting from the 
direct uptake, incorporation and expression of exogenous genetic material (exogenous 
DNA) from its surrounding and taken up through the cell membrane(s). Transformation 
occurs most commonly in bacteria and in some species occurs naturally. Transformation 
can also be effected by artificial means. Bacteria that are capable of being transformed, 
whether naturally or artificially, are called competent. Transformation is one of three 
processes by which a exogenous genetic material may be introduced into bacterial cell, 
the other two being conjugation (transfer of genetic material between two bacterial cells 
in direct contact), and transduction (injection of foreign DNA by a bacteriophage into the 
host). Transformation may also used to describe the insertion of new genetic material into 
nonbacterial cells including animal and plant cells, however, because transformation has 
a special meaning in relation to animal cells indicating progression to a cancerous state, 
the term should be avoided for animal cells when describing introduction of exogenous 
genetic material. Introduction of foreign DNA into eukaryotic cells is usually called 
"transfection". 

History 

Transformation was first demonstrated in 1928 by Frederick Griffith, an English 
bacteriologist searching for a vaccine against bacterial pneumonia. Griffith discovered 
that a harmless strain of Streptococcus pneumoniae could be made virulent after being 
exposed to heat-killed virulent strains. Griffith hypothesized that some "transforming 
factor" from the heat-killed strain was responsible for making the harmless strain 
virulent. In 1944 this "transforming factor" was identified as being genetic by Oswald 
Avery, Colin MacLeod, and Maclyn McCarty. They isolated DNA from a virulent strain 
of S. pneumoniae and using just this DNA were able to make a harmless strain virulent. 
They called this uptake and incorporation of DNA by bacteria "transformation."   

The results of Avery et al.'s experiments were at first sceptically received by the scientific 
community and it was not until the development of genetic markers and the discovery of 
other methods of genetic transfer (conjugation in 1947 and transduction in 1953) by 
Joshua Lederberg that Avery's experiments were accepted. Transformation did not 
become routine procedure in laboratories until 1972 when Stanley Cohen, Annie Chang 
and Leslie Hsu successfully transformed Escherichia coli by treating the bacteria with 
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calcium chloride. This created an efficient and convenient procedure for transforming 
bacteria and opened the way for molecular cloning in biotechnology and research. 

Transformation using electroporation was developed in the late 1980s thus increasing the 
efficiency and number of bacterial strains that could be transformed. Transformation of 
animal and plant cells was also investigated with the first transgenic mouse being created 
by injecting a gene for a rat growth hormone into a mouse embryo in 1982. In 1907 a 
bacterium that caused plant tumors, Agrobacterium tumefaciens, was discovered and in 
the early 1970s the tumor inducing agent was found to be a DNA plasmid called the Ti 
plasmid. By removing the genes in the plasmid that caused the cancer and adding in 
novel genes researchers were able to infect plants with A. tumefaciens and let the bacteria 
insert their chosen DNA into the genomes of the plants. Not all plant cells are susceptible 
to infection by A. tumefaciens so other methods were developed including electroporation 
and micro-injection. Particle bombardment was made possible with the invention of the 
Biolistic Particle Delivery System (gene gun) by John Sanford in 1990. 

Mechanisms 

Bacteria 

Bacteria transformation may be referred to as a stable genetic change brought about by 
the uptake of naked DNA (DNA without associated cells or proteins) and competence 
refers to the state of being able to take up exogenous DNA from the environment. Two 
forms of competence exist: natural and artificial. 

Natural competence 

In microbiology, genetics, cell biology and molecular biology, competence is the ability 
of a cell to take up extracellular ("naked") DNA from its environment. Competence is 
distinguished into natural competence, a genetically specified ability of bacteria that is 
thought to occur under natural conditions as well as in the laboratory, and induced or 
artificial competence, arising when cells in laboratory cultures are treated to make them 
transiently permeable to DNA. This article is mainly about natural competence in 
bacteria. Information about artificial competence is provided in the Transformation 
(genetics) article. 

History 

Natural competence was discovered by Frederick Griffith in 1928, when he showed that a 
preparation of killed cells of a pathogenic bacterium contained something that could 
transform related non-pathogenic cells into the pathogenic type. In 1944 Oswald Avery, 
Colin MacLeod, and Maclyn McCarty demonstrated that this 'transforming factor' was 
pure DNA. This was the first compelling evidence that DNA carries the genetic 
information of the cell. 
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Since then, natural competence has been studied in a number of different bacteria, 
particularly Bacillus subtilis, Streptococcus pneumoniae (Griffith's "pneumococcus"), 
Neisseria gonorrhoeae and Haemophilus influenzae. Areas of active research include the 
mechanisms of DNA transport, the regulation of competence in different bacteria, and the 
evolutionary function of competence.  

Mechanisms of DNA uptake 

In the natural world DNA usually becomes available by death and lysis of other cells, but 
in the laboratory it is provided by the researcher, often as a genetically engineered 
fragment or plasmid. During uptake, DNA is transported across the cell membrane(s), 
and the cell wall if one is present. Once the DNA is inside the cell it may be degraded to 
nucleotides, which are reused for DNA replication and other metabolic functions. 
Alternatively it may be recombined into the cell’s genome by its DNA repair enzymes. If 
this recombination changes the cell’s genotype the cell is said to have been transformed. 
Artificial competence and transformation are used as research tools in many organisms. 

Almost all naturally competent bacteria use components of extracellular filaments called 
type 4 pili (a type of fimbria) to create pores in their membranes and pull DNA through 
the pores into the cytoplasm. Some bacteria cut the DNA into short pieces before 
transporting it; others can take up very long intact fragments and circular plasmids. The 
details of the uptake machinery are not yet well characterized in any system. 

Regulation of competence 

In laboratory cultures natural competence is usually tightly regulated and often triggered 
by nutritional shortages or adverse conditions. However the specific inducing signals and 
regulatory machinery are much more variable than the uptake machinery, and little is 
known about the regulation of competence in the natural environments of these bacteria. 
In bacteria capable of forming spores, conditions inducing sporulation often overlap with 
those inducing competence. Thus cultures or colonies containing sporulating cells often 
also contain competent cells. Recent research by Süel et al. has identified an excitable 
core module of genes which can explain entry into and exit from competence when 
cellular noise is taken into account. 

Most competent bacteria are thought to take up all DNA molecules with roughly equal 
efficiencies, but bacteria in the families Neisseriaceae and Pasteurellaceae preferentially 
take up DNA fragments containing short DNA sequences that are very frequent in their 
own genomes. Neisserial genomes contain thousands of copies of the preferred sequence 
ATGCCGTCTGAA, and Pasteurellacean genomes contain either AAGTGCGGT or 
ACAAGCGGT, with corresponding bases of their DNA uptake machinery. 

Evolutionary functions and consequences of competence 

The evolutionary functions of natural competence are controversial. Competence has 
conventionally been viewed as a mechanism that cells evolved to provide themselves 
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with novel genetic information. However the theoretical difficulties associated with the 
evolution of sex suggest that this explanation is problematic. Cells that take up DNA 
inevitably acquire the nucleotides the DNA consists of, and, because nucleotides are 
needed for DNA and RNA synthesis and are expensive to synthesize, these may make a 
significant contribution to the cell's energy budget. In principle, competence could also 
allow cells to replace heavily damaged DNA in the cell's genome if needed. 

Regardless of the nature of selection for competence, the composite nature of bacterial 
genomes provides abundant evidence that the lateral gene transfer caused by competence 
contributes to the genetic diversity that makes evolution possible. 

Artificial competence  

Artificial competence is induced by laboratory procedures and involves making the cell 
passively permeable to DNA by exposing it to conditions that do not normally occur in 
nature. 

Calcium chloride transformation is a method of promoting competence. Chilling cells in 
the presence of divalent cations such as Ca2+ (in CaCl2) prepares the cell membrane to 
become permeable to plasmid DNA. The cells are incubated on ice with the DNA and 
then briefly heat shocked (e.g., 42°C for 30–120 seconds) thus allowing the DNA to enter 
the cells. This method works very well for circular plasmid DNA. An excellent 
preparation of competent cells will give ~108 colonies per microgram of plasmid. A poor 
preparation will be about 104/μg or less. Good, non-commercial preparations should give 
105 to 106 transformants per microgram of plasmid. The method, however, usually does 
not work well for linear DNA, such as fragments of chromosomal DNA, probably 
because the cell's native exonuclease enzymes rapidly degrade linear DNA. Interestingly, 
cells that are naturally competent are usually transformed more efficiently with linear 
DNA than with plasmid DNA. 

Electroporation is another method of promoting competence. In the method the cells are 
briefly shocked with an electric field of 10-20 kV/cm that creates holes in the cell 
membrane through which the plasmid DNA enters. This method is amenable to the 
uptake of large plasmid DNA. After the electric shock the holes are rapidly closed by the 
cell's membrane-repair mechanisms. 

The efficiency with which a competent culture can take up exogenous DNA and express 
its genes is known as Transformation efficiency. 
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Plasmid transformation 

In order to be stably maintained in the cell a plasmid DNA molecule must contain an 
origin of replication, which allows it to be replicated in the cell independent of the 
replication of the cell's own chromosome. Because transformation usually produces a 
mixture of relatively few transformed cells and an abundance of non-transformed cells a 
method is needed to identify the cells that have acquired the plasmid. The method usually 
consists of using a plasmid that contains a gene that gives the bacterial cells resistance to 
an antibiotic that they are naturally sensitive to. The mixture of cells are then plated on 
media that contains the antibiotic thus only the transformed cells are able to grow. Cells 
that did not take up the plasmid are killed in the media. 

Another selection method called blue-white screen uses a plasmid that contains an 
antibiotic resistance gene and the lacZ gene. The lacZ gene codes for the lacZ-α subunit 
of the enzyme β-galactosidase, a homo-tetramer with each monomer composed of one 
lacZ-α subunit and one lacZ-ω subunit. The method also requires an E. coli strain that 
possesses in its genome the code for only the lacZ-ω subunit and not the lacZ-α subunit. 
One of the first steps in any transformation is the production of a recombined plasmid 
obtained by the successful ligation of the gene of interest into its corresponding vector, 
which in this method results in the disruption of lacZ because the gene of interest is 
inserted within the lacZ code. A cell that takes up a recombined plasmid would thus not 
be able to express the lacZ-α subunit and would, in turn, not be able to produce a 
functional β-galactosidase. Conversely, a cell that has taken up non-recombined plasmid 
(perhaps one formed by the ligation of the vector's own two ends) will express the lacZ-α 
subunit and thus produce a functional β-galactosidase. A cell that does not take up any 
plasmid is not conferred with antibiotic resistance and will die upon plating. 
Consequently, the blue-white screen method allows for the ready detection of not just 
transformed cells, but, most importantly, cells that have been transformed by a 
successfully recombined plasmid. Selection occurs as a result of the action of β-
galactosidase on its substrate X-gal, which is included in the media along with the 
appropriate antibiotic. X-gal is a colorless, modified galactose sugar whose hydrolysis by 
β-galactosidase produces galactose and the pre-chromophore 5-bromo-4-chloro-3-
hydroxyindole. The latter is subsequently oxidized to 5,5'-dibromo-4,4'-dichloro-indigo, 
an insoluble, blue product that is readily seen by the naked eye. Colonies of cells that 
have been transformed by a successfully recombined plasmid will thus appear white 
whereas those that have been transformed by non-recombined plasmid will appear blue. 

Plants 

A number of mechanisms are available to transfer DNA into plant cells: 

• Agrobacterium mediated transformation is the easiest and most simple plant 
transformation. Plant tissue (often leaves) are cut into small pieces, e.g. 
10x10mm, and soaked for 10 minutes in a fluid containing suspended 
Agrobacterium. Some cells along the cut will be transformed by the bacterium, 
that inserts its DNA into the cell. Placed on selectable rooting and shooting 
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media, the plants will regrow. Some plants species can be transformed just by 
dipping the flowers into suspension of Agrobacterium and then planting the seeds 
in a selective medium. Unfortunately, many plants are not transformable by this 
method. 

• Particle bombardment: Particles of gold or tungsten are coated with DNA and 
then shot into young plant cells or plant embryos. Some genetic material will stay 
in the cells and transform them. This method also allows transformation of plant 
plastids. The transformation efficiency is lower than in agribacterial mediated 
transformation, but most plants can be transformed with this method. 

• Electroporation: make transient holes in cell membranes using electric shock; this 
allows DNA to enter as described above for Bacteria. 

• Viral transformation (transduction): Package the desired genetic material into a 
suitable plant virus and allow this modified virus to infect the plant. If the genetic 
material is DNA, it can recombine with the chromosomes to produce transformant 
cells. However genomes of most plant viruses consist of single stranded RNA 
which replicates in the cytoplasm of infected cell. For such genomes this method 
is a form of transfection and not a real transformation, since the inserted genes 
never reach the nucleus of the cell and do not integrate into the host genome. The 
progeny of the infected plants is virus free and also free of the inserted gene. 
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Chapter- 4 

Isogenic Human Disease Models 

 

 
Isogenic human disease models are a family of cells that are selected or engineered to 
accurately model the genetics of a specific patient population, in vitro ("within glass"; or, 
commonly, "in the lab", in an artificial environment). They are provided with a 
genetically matched ‘normal cell’ to provide an isogenic system to research disease 
biology and novel therapeutic agents. They can be used to model any disease with a 
genetic foundation. Cancer is one such disease for which isogenic human disease models 
have been widely used. 

Historical models 

Human isogenic disease models have been likened to ‘patients in a test-tube’, since they 
incorporate the latest research into human genetic diseases and do so without the 
difficulties and limitations involved in using non-human models. 

Historically, cells obtained from animals, typically mice, have been used to model cancer 
related pathways. However, there are obvious limitations inherent in using animals for 
modelling genetically determined diseases in humans. Despite a large proportion of 
genetic conservation between humans and mice, there are significant differences between 
the biology of mice and humans that are important to cancer research. For example, 
major differences in telomere regulation enable murine cells to bypass the requirement 
for telomerase upregulation, which is a rate-limiting step in human cancer formation. As 
another example, certain ligand-receptor interactions are incompatible between mice and 
humans. Additionally, experiments have demonstrated important and significant 
differences in the ability to transform cells, compared with cells of murine origin. For 
these reasons, it remains essential to develop models of cancer that employ human cells. 

Targeting vectors 

Isogenic cell lines are created via a process called homologous gene-targeting. Targeting 
vectors that utilize homologous recombination are the tools or techniques that are used to 
knock-in or knock-out the desired disease causing mutation or SNP (single nucleotide 
polymorphism) to be studied. Although disease mutations can be harvested directly from 
cancer patients, these cells usually contain many background mutations in addition to the 
specific mutation of interest, and a matched normal cell line is typically not obtained. 
Subsequently, targeting vectors are used to ‘knock-in’ or ‘knock out’ gene mutations 
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enabling a switch in both directions; from a normal to cancer genotype; or vice versa; in 
characterized human cancer cell lines such as HCT116 or Nalm6. 
 
There are several gene targeting technologies used to engineer the desired mutation, the 
most prevalent of which are briefly described, including key advantages and limitations, 
in the summary table below. 

Technique Gene Knock-In Gene Knock-out 

rAAV 
(recombinant 
adeno-
associated virus 
vectors) 

Targeted insertions or modifications 
are created within endogenous 
genes; and so are subject to:  

1. The correct gene-regulation 
mechanisms; and 

2. Accurately reflect the 
disease events found in real 
patients. 

rAAV can introduce subtle point 
mutations, SNPs as well as small 
insertions with high efficiency. 
Moreover, many peer reviewed 
studies have shown that rAAV does 
not introduce any confounding off 
target genomic events. 

Appears to be the preferred method 
being adopted in academia, Biotech 
and Pharma on a precision versus 
time versus cost basis.| 

Gene knockouts are at the 
endogenous locus, and thus are 
definitive, stable and patient 
relevant. No confounding off-
target effects are elicited at other 
genomic loci. It requires a 2- step 
process:  

1. Generate a heterozygous 
KO 

2. Generate a bi-allelic 
knockout by targeting the 
second allele. 

This process can therefore 
generate 3 genotypes (+/+; -/+ and 
-/-); enabling therefore the 
analysis of haplo-insufficient gene 
function. 

Current limitation is the need to 
sequentially target single alleles 
making generation of knock-out 
cell lines a two-step process.| 

Plasmid based 
homologous 
recombination 

Insertion is at the endogenous locus 
and has all the above benefits, but it 
is very inefficient. It also requires a 
promoterless drug selection strategy 
entailing bespoke construct 
generation. A large historical bank 
of cell-lines has been generated 
using this method which has been 
displaced by other methods since 
the mid 1990s. 

Deletion is at endogenous locus 
and has all the above benefits, but 
it is inefficient. It also requires a 
promoterless drug selection 
strategy that entails bespoke 
construct generation 

Flip-in 
This is an efficient technique that 
allows the directed insertion of 
‘ectopic’ transgenes at a single pre-

Not applicable 
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defined genomic locus (integration 
via a FLP recombinase site). This is 
not a technique for modifying an 
endogenous locus. Transgenes will 
usually be under the control of an 
exogenous promoter, or a partially 
defined promoter-unit in the 
incorrect genomic location. Their 
expression will therefore not be 
under the same genomic and 
epigenetic regulation as the 
endogenous loci, which limits the 
utility of these systems for studying 
gene- function. They are however, 
good for eliciting rapid and stable 
exogenous gene expression. 

Zinc-Finger 
Nucleases 
(ZFNs) 

ZFNs have been reported to achieve 
high rates of genetic knock-outs 
within a target endogenous gene. If 
ZFNs are co-delivered with a 
transgene construct homologous to 
the target gene, genetic knock-in's 
or insertions can also be achieved. 
However, few peer reviewed 
publications exemplifying this 
application can be found. One 
drawback is the potential for ZFNs 
to produce off-target double strand 
breaks which may also lead to 
random off-target gene insertions, 
deletions and wider genomic 
instability; confounding the 
resulting genotype. Whole genome 
sequencing may also be required as 
a standard characterization step to 
determine whether such off-target 
genomic alterations are present in 
any resulting cell-line. 

ZFNs are sequence-directed 
endonucleases which enable the 
rapid and highly efficient (up to 
90% in a bulk cell population) 
disruption of both alleles of a 
target gene. User- defined or 
patient relevant loss of-function 
alterations appear more difficult to 
achieve. Off target deletions or 
insertions elsewhere in the 
genome cannot be controlled for 
or readily defined. The speed 
advantage of obtaining a biallelic 
KO in one step is also partially 
mitigated if one still needs to 
derive a clonal cell-line to study 
gene function in a homogenous 
cell-population. ZFN are likely 
more selective than RNAi, 
however, are not as amenable for 
high- throughput functional 
genomic studies. 

Meganucleases 

Meganucleases are operationally 
analogous to ZFN's. They have 
better site cleavage specificity due 
to their larger DNA-recognition 
footprint, and subsequently avoid 
the off-target gene insertions 
associated with ZFN's. There are 
limitations inherent in their use such 
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as the meganuclease vector design 
which can take up to 9 months and 
cost tens of thousands of dollars. 
This makes meganucleases more 
attractive in high-value applications 
such as gene therapy, 
agrobiotechnology and engineering 
of bioproducer lines. 

Homologous recombination in cancer cell disease models 

Homologous recombination (HR) is a kind of genetic recombination in which genetic 
sequences are exchanged between two similar segments of DNA. HR plays a major role 
in eukaryotic cell division, promoting genetic diversity through the exchange between 
corresponding segments of DNA to create new, and potentially beneficial combinations 
of genes. 

HR performs a second vital role in DNA repair, enabling the repair of double-strand 
breaks in DNA which is a common occurrence during a cell's lifecycle. It is this process 
which is artificially triggered by the above technologies, and bootstrapped in order to 
engender ‘knock-ins’ or ‘knockouts’ in specific genes5, 7. 

A recent key advance was discovered using AAV-homologous recombination vectors, 
which increases the low natural rates of HR in differentiated human cells when combined 
with gene-targeting vectors-sequences. 

 

Diagram of a typical rAAV vector 
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Commercialization 

Factors leading to the recent commercialization of isogenic human cancer cell disease 
models for the pharmaceutical industry and research laboratories are twofold. 

Firstly, successful patenting of enhanced targeting vector technology has provided a basis 
for commercialization of the cell-models which eventuate from the application of these 
technologies. 

Secondly, the trend of relatively low success rates in pharmaceutical RnD and the 
enormous costs have created a real need for new research tools that illicit how patient 
sub-groups will respond positively or be resistant to targeted cancer therapeutics based 
upon their individual genetic profile. 

There are several companies working to address this need, a list of the key players and 
their technology offering is provided below. 

• Cellectis:Meganucleases 
• Horizon Discovery: Genesis (rAAV) 
• Invitrogen: FLP 
• Sigma-Aldrich: Zinc Fingers 
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Chapter- 5 

Recombinant DNA 

 

 
Recombinant DNA (rDNA) is a form of artificial DNA that is created by combining two 
or more sequences that would not normally occur together through the process of gene 
splicing. In terms of genetic modification, it is created through the introduction of 
relevant DNA into an existing organismal DNA, such as the plasmids of bacteria, to code 
for or alter different traits for a specific purpose, such as antibiotic resistance. It differs 
from genetic recombination in that it does not occur through natural processes within the 
cell, but is engineered. A recombinant protein is a protein that is derived from 
recombinant DNA. 

Methods 

Cloning and relation to plasmids 

 
 
A simple example of how a desired gene is inserted into a plasmid. In this example, the 
gene specified in the white color becomes useless as the new gene is added. 
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The use of cloning is interrelated with recombinant DNA in classical biology, as the term 
"clone" refers to a cell or organism derived from a parental organism, with modern 
biology referring to the term as a collection of cells derived from the same cell that 
remain identical. In the classical instance, the use of recombinant DNA provides the 
initial cell from which the host organism is then expected to recapitulate when it 
undergoes further cell division, with bacteria remaining a prime example due to the use 
of viral vectors in medicine that contain recombinant DNA inserted into a structure 
known as a plasmid. 

Plasmids are extrachromosomal self-replicating circular forms of DNA present in most 
bacteria, such as Escherichia coli (E. Coli), containing genes related to catabolism and 
metabolic activity, and allowing the carrier bacterium to survive and reproduce in 
conditions present within other species and environments. These genes represent 
characteristics of resistance to bacteriophages and antibiotics and some heavy metals, but 
can also be fairly easily removed or separated from the plasmid by restriction 
endonucleases, which regularly produce "sticky ends" and allow the attachment of a 
selected segment of DNA, which codes for more "reparative" substances, such as peptide 
hormone medications including insulin, growth hormone, and oxytocin. In the 
introduction of useful genes into the plasmid, the bacteria are then used as a viral vector, 
which are encouraged to reproduce so as to recapitulate the altered DNA within other 
cells it infects, and increase the amount of cells with the recombinant DNA present 
within them. 

The use of plasmids is also key within gene therapy, where their related viruses are used 
as cloning vectors or carriers, which are means of transporting and passing on genes in 
recombinant DNA through viral reproduction throughout an organism. Plasmids contain 
three common features—a replicator, selectable marker and a cloning site. The 
replicator or "ori" refers to the origin of replication with regard to location and bacteria 
where replication begins. The marker refers to a particular gene that usually contains 
resistance to an antibiotic, but may also refer to a gene that is attached alongside the 
desired one, such as that which confers luminescence to allow identification of 
successfully recombined DNA. The cloning site is a sequence of nucleotides representing 
one or more positions where cleavage by restriction endonucleases occurs. Most 
eukaryotes do not maintain canonical plasmids; yeast is a notable exception. In addition, 
the Ti plasmid of the bacterium Agrobacterium tumefaciens can be used to integrate 
foreign DNA into the genomes of many plants. Other methods of introducing or creating 
recombinant DNA in eukaryotes include homologous recombination and transfection 
with modified viruses. 
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Chimeric plasmids 

 
 
An example of chimeric plasmid formation from two "blunt ends" via the enzyme, T4 
Ligase. 

When recombinant DNA is then further altered or changed to host additional strands of 
DNA, the molecule formed is referred to as "chimeric" DNA molecule, with reference to 
the mythological chimera, which consisted as a composite of several animals. The 
presence of chimeric plasmid molecules is somewhat regular in occurrence, as, 
throughout the lifetime of an organism, the propagation by vectors ensures the presence 
of hundreds of thousands of organismal and bacterial cells that all contain copies of the 
original chimeric DNA. 

In the production of chimeric(from chimera) plasmids, the processes involved can be 
somewhat uncertain, as the intended outcome of the addition of foreign DNA may not 
always be achieved and may result in the formation of unusable plasmids. Initially, the 
plasmid structure is linearised to allow the addition by bonding of complementary foreign 
DNA strands to single-stranded "overhangs" or "sticky ends" present at the ends of the 
DNA molecule from staggered, or "S-shaped" cleavages produced by restriction 
endonucleases. 

A common vector used for the donation of plasmids originally was the bacterium 
Escherichia coli and, later, the EcoRI derivative, which was used for its versatility with 
addition of new DNA by "relaxed" replication when inhibited by chloramphenicol and 
spectinomycin, later being replaced by the pBR322 plasmid. In the case of EcoRI, the 
plasmid can anneal with the presence of foreign DNA via the route of sticky-end ligation, 
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or with "blunt ends" via blunt-end ligation, in the presence of the phage T4 ligase, which 
forms covalent links between 3-carbon OH and 5-carbon PO4 groups present on blunt 
ends. Both sticky-end, or overhang ligation and blunt-end ligation can occur between 
foreign DNA segments, and cleaved ends of the original plasmid depending upon the 
restriction endonuclease used for cleavage. 

Applications 

There are multitudinous proteins that are created from recombinant DNA and used as 
medications. Some can alternatively be produced from animal extracts or harvested from 
humans, such as human growth hormone (rhGH), human insulin, follicle-stimulating 
hormone (FSH) and factor VIII. Other proteins, when used as medication, only has 
recombinant DNA as a source, such as with erythropoietin. 

History 

The recombinant DNA technique was first proposed by Peter Lobban, a graduate student, 
with A. Dale Kaiser at the Stanford University Department of Biochemistry. The 
technique was then realized by Lobban and Kaiser; Jackson, Symons and Berg; and 
Stanley Norman Cohen, Chang, Herbert Boyer and Helling, in 1972–74. They published 
their findings in papers including the 1972 paper "Biochemical Method for Inserting New 
Genetic Information into DNA of Simian Virus 40: Circular SV40 DNA Molecules 
Containing Lambda Phage Genes and the Galactose Operon of Escherichia coli", the 
1973 paper "Enzymatic end-to-end joining of DNA molecules" and the 1973 paper 
"Construction of Biologically Functional Bacterial Plasmids in vitro", all of which 
described techniques to isolate and amplify genes or DNA segments and insert them into 
another cell with precision, creating a transgenic bacterium. 

Recombinant DNA technology was made possible by the discovery, isolation and 
application of restriction endonucleases by Werner Arber, Daniel Nathans, and Hamilton 
Smith, for which they received the 1978 Nobel Prize in Medicine. Cohen and Boyer 
applied for a patent on the Process for producing biologically functional molecular 
chimeras which could not exist in nature in 1974. The patent was granted in 1980. 

A breakthrough in recombinant DNA technology occurred in 1977 when Herbert Boyer 
produced biosynthetic "human" insulin in the lab. The specific gene sequence, or 
polynucleotide, that codes for insulin production in humans was introduced to a sample 
colony of the E. coli bacteria. It was the first medicine made via recombinant DNA 
technology to be approved by the FDA and commercially available under the brand name 
Humulin. The vast majority of insulin currently used worldwide is now biosynthetic 
recombinant "human" insulin or its analogs. 
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Chapter- 6 

Genetically Modified Organism 

 

 

 
 

GloFish, the first genetically modified animal to be sold as a pet 

A genetically modified organism (GMO) or genetically engineered organism (GEO) 
is an organism whose genetic material has been altered using genetic engineering 
techniques. These techniques, generally known as recombinant DNA technology, use 
DNA molecules from different sources, which are combined into one molecule to create a 
new set of genes. This DNA is then transferred into an organism, giving it modified or 
novel genes. Transgenic organisms, a subset of GMOs, are organisms which have 
inserted DNA that originated in a different species. 
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Production 

Genetic modification involves the insertion or deletion of genes. When genes are 
inserted, they usually come from a different species, which is a form of horizontal gene 
transfer. In nature this can occur when exogenous DNA penetrates the cell membrane for 
any reason. To do this artificially may require attaching the genes to a virus or just 
physically inserting the extra DNA into the nucleus of the intended host with a very small 
syringe, or with very small particles fired from a gene gun. However, other methods 
exploit natural forms of gene transfer, such as the ability of Agrobacterium to transfer 
genetic material to plants, or the ability of lentiviruses to transfer genes to animal cells. 

History 

The general principle of producing a GMO is to add new genetic material into an 
organism's genome. This is called genetic engineering and was made possible through the 
discovery of DNA and the creation of the first recombinant bacteria in 1973; an existing 
bacterium E. coli expressing an exogenic Salmonella gene. This led to concerns in the 
scientific community about potential risks from genetic engineering, which were 
thoroughly discussed at the Asilomar Conference. One of the main recommendations 
from this meeting was that government oversight of recombinant DNA research should 
be established until the technology was deemed safe. Herbert Boyer then founded the first 
company to use recombinant DNA technology, Genentech, and in 1978 the company 
announced creation of an E. coli strain producing the human protein insulin. 

In 1986, field tests of bacteria genetically engineered to protect plants from frost damage 
(ice-minus bacteria) at a small biotechnology company called Advanced Genetic 
Sciences of Oakland, California, were repeatedly delayed by opponents of biotechnology. 
In the same year, a proposed field test of a microbe genetically engineered for a pest 
resistance protein by Monsanto Company was dropped. 

Uses 

GMOs are used in biological and medical research, production of pharmaceutical drugs, 
experimental medicine (e.g. gene therapy), and agriculture (e.g. golden rice). The term 
"genetically modified organism" does not always imply, but can include, targeted 
insertions of genes from one species into another. For example, a gene from a jellyfish, 
encoding a fluorescent protein called GFP, can be physically linked and thus co-
expressed with mammalian genes to identify the location of the protein encoded by the 
GFP-tagged gene in the mammalian cell. Such methods are useful tools for biologists in 
many areas of research, including those who study the mechanisms of human and other 
diseases or fundamental biological processes in eukaryotic or prokaryotic cells. 

To date the broadest and most controversial application of GMO technology is patent-
protected food crops which are resistant to commercial herbicides or are able to produce 
pesticidal proteins from within the plant, or stacked trait seeds, which do both. The 
largest share of the GMO crops planted globally are owned by the US firm Monsanto. In 
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2007, Monsanto's trait technologies were planted on 246 million acres (1,000,000 km2) 
throughout the world, a growth of 13 percent from 2006. 

In the corn market, Monsanto's triple-stack corn—which combines Roundup Ready 2 
weed control technology with YieldGard Corn Borer and YieldGard Rootworm insect 
control—is the market leader in the United States. U.S. corn farmers planted more than 
32 million acres (130,000 km2) of triple-stack corn in 2008, and it is estimated the 
product could be planted on 56 million acres (230,000 km2) in 2014–2015. In the cotton 
market, Bollgard II with Roundup Ready Flex was planted on approximately 5 million 
acres (20,000 km2) of U.S. cotton in 2008. 

According to the International Service for the Acquisition of Agri-Biotech Applications 
(ISAAA), of the approximately 14 million farmers who grew biotech crops in 2009, some 
90% were resource-poor farmers in developing countries. These include some 7 million 
farmers in the cotton-growing areas of China, an estimated 5.6 million small farmers in 
India (Bt cotton), 250,000 in the Philippines, South Africa (biotech cotton, maize and 
soybeans often grown by subsistence women farmers) and the other twelve developing 
countries which grew biotech crops in 2009. 10 million more small and resource-poor 
farmers may have been secondary beneficiaries of Bt cotton in China. 

The global commercial value of biotech crops grown in 2008 was estimated to be 
US$130 billion. 

In the United States, the United States Department of Agriculture (USDA) reports on the 
total area of GMO varieties planted. According to National Agricultural Statistics 
Service, the states published in these tables represent 81–86 percent of all corn planted 
area, 88–90 percent of all soybean planted area, and 81–93 percent of all upland cotton 
planted area (depending on the year). 

USDA does not collect data for global area. Estimates are produced by the International 
Service for the Acquisition of Agri-biotech Applications (ISAAA) and can be found in 
the report, "Global Status of Commercialized Transgenic Crops: 2007". 

Transgenic animals are also becoming useful commercially. On February 6, 2009 the 
U.S. Food and Drug Administration approved the first human biological drug produced 
from such an animal, a goat. The drug, ATryn, is an anticoagulant which reduces the 
probability of blood clots during surgery or childbirth. It is extracted from the goat's milk. 

Detection 

Testing on GMOs in food and feed is routinely done by molecular techniques like DNA 
microarrays or qPCR. The test can be based on screening elements (like p35S, tNos, pat, 
or bar) or event-specific markers for the official GMOs (like Mon810, Bt11, or GT73). 
The array-based method combines multiplex PCR and array technology to screen 
samples for different potential GMOs, combining different approaches (screening 
elements, plant-specific markers, and event-specific markers). The qPCR is used to detect 
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specific GMO events by usage of specific primers for screening elements or event-
specific markers. 

To avoid any kind of false positive or false negative testing outcome, comprehensive 
controls for every step of the process is mandatory. A CaMV check is important to avoid 
false positive outcomes based on virus contamination of the sample. 

Transgenic microbes 

Bacteria were the first organisms to be modified in the laboratory, due to their simple 
genetics. These organisms are now used for several purposes, and are particularly 
important in producing large amounts of pure human proteins for use in medicine. 

Genetically modified bacteria are used to produce the protein insulin to treat diabetes. 
Similar bacteria have been used to produce clotting factors to treat haemophilia, and 
human growth hormone to treat various forms of dwarfism. 

Transgenic animals 

 
 
Some chimeras, like the blotched mouse shown, are created through genetic modification 
techniques like gene targeting. 
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Transgenic animals are used as experimental models to perform phenotypic and for 
testing in biomedical research. Other applications include the production of human 
hormones such as insulin. 

Fruit flies 

In biological research, transgenic fruit flies (Drosophila melanogaster) are model 
organisms used to study the effects of genetic changes on development. Fruit flies are 
often preferred over other animals due to their short life cycle, low maintenance 
requirements, and relatively simple genome compared to many vertebrates. 

Mammals 

Genetically modified mammals are an important category of genetically modified 
organisms. Transgenic mice are often used to study cellular and tissue-specific responses 
to disease. 

In 1999, scientists at the University of Guelph in Ontario, Canada created the genetically 
engineered Enviropig. The Enviropig excretes from 30 to 70.7% less phosphorus in 
manure depending upon the age and diet. In February 2010, Environment Canada 
determined that Enviropigs are in compliance with the Canadian Environmental 
Protection Act and can be produced outside of the research context in controlled facilities 
where they are segregated from other animals. 

In 2009, scientists in Japan announced that they had successfully transferred a gene into a 
primate species (marmosets) and produced a stable line of breeding transgenic primates 
for the first time. 

Cnidarians 

Cnidarians such as Hydra and the sea anemone Nematostella vectensis have become 
attractive model organisms to study the evolution of immunity and certain developmental 
processes. An important technical breakthrough was the development of procedures for 
generation of stably transgenic hydras and sea anemones by embryo microinjection. 

Fish 

Genetically modified fish have promoters driving an over-production of "all fish" growth 
hormone. This resulted in dramatic growth enhancement in several species, including 
salmonids, carps and tilapias. 

Gene therapy 

Gene therapy, uses genetically modified viruses to deliver genes that can cure disease 
into human cells. Although gene therapy is still relatively new, it has had some successes. 
It has been used to treat genetic disorders such as severe combined immunodeficiency, 
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and treatments are being developed for a range of other currently incurable diseases, such 
as cystic fibrosis, sickle cell anemia, and muscular dystrophy. Current gene therapy 
technology only targets the non-reproductive cells meaning that any changes introduced 
by the treatment can not be transmitted to the next generation. Gene therapy targeting the 
reproductive cells—so-called "Germ line Gene Therapy"—is very controversial and is 
unlikely to be developed in the near future. 

Transgenic plants 

 
 

Kenyans examining insect-resistant transgenic Bt corn 

Transgenic plants have been engineered to possess several desirable traits, including 
resistance to pests, herbicides, or harsh environmental conditions; improved product shelf 
life, and increased nutritional value. Since the first commercial cultivation of genetically 
modified plants in 1996, they have been modified to be tolerant to the herbicides 
glufosinate and glyphosate, to be resistant to virus damage as in Ringspot virus resistant 
GM papaya, grown in Hawaii and to produce the Bt toxin, a potent insecticide. Most of 
transgenic varieties grown today are known as first generation transgenics, because the 
transgenic trait provides benefits to farmers. Plants of the second generation should 
directly benefit the consumer with nutritional enhancement, taste, texture, etc. Transgenic 
plants of the second generation are being developed by both public research institutions 
and private companies. Currently there is no such transgenic variety on the market. 
Genetically modified sweet potatoes have been enhanced with protein and other nutrients, 
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while golden rice, developed by the International Rice Research Institute, has been 
discussed as a possible cure for Vitamin A deficiency. In January 2008, scientists altered 
a carrot so that it would produce calcium and become a possible cure for osteoporosis; 
however, people would need to eat 1.5 kilograms of carrots per day to reach the required 
amount of calcium. 

The coexistence of GM plants with conventional and organic crops has raised significant 
concern in many European countries. Since there is separate legislation for GM crops and 
a high demand from consumers for the freedom of choice between GM and non-GM 
foods, measures are required to separate foods and feed produced from GMO plants from 
conventional and organic foods. European research programs such as Co-Extra, 
Transcontainer, and SIGMEA are investigating appropriate tools and rules. At the field 
level, biological containment methods include isolation distances and pollen barriers. 

Cisgenic plants 

Cisgenesis, sometimes also called Intragenesis, is a product designation for a category 
of genetically engineered plants. A variety of classification schemes have been proposed, 
that order genetically modified organisms based on the nature of introduced genotypical 
changes rather than the process of genetic engineering. 

While some genetically modified plants are developed by the introduction of a gene 
originating from distant, sexually incompatible species into the host genome, cisgenic 
plants contain genes which have been isolated either directly from the host species or 
from sexually compatible species. The new genes are introduced using recombinant DNA 
methods and gene transfer. Some scientists hope that the approval process of cisgenic 
plants might be simpler than that of proper transgenics, but it remains to be seen. 

Controversy 

Biological process 

The use of genetically modified organisms has sparked significant controversy in many 
areas. Some groups or individuals see the generation and use of GMO as intolerable 
meddling with biological states or processes that have naturally evolved over long 
periods of time, while others are concerned about the limitations of modern science to 
fully comprehend all of the potential negative ramifications of genetic manipulation. 

Foodchain 

The safety of GMOs in the foodchain has been questioned by some environmental 
groups, with concerns such as the possibilities that GMOs could introduce new allergens 
into foods, or contribute to the spread of antibiotic resistance. All studies published to 
date have shown no adverse health effects resulting from humans eating genetically 
modified foods, environmental groups still discourage consumption in many countries, 
claiming that GM foods are unnatural and therefore unsafe. Such concerns have led to the 
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adoption of laws and regulations that require safety testing of any new organism 
produced for human consumption. 

GMOs' proponents note that because of the safety testing requirements imposed on GM 
foods, the risk of introducing a plant variety with a new allergene or toxin using genetic 
modification is much smaller than using traditional breeding processes. An example of an 
allergenic plant created using traditional breeding is the kiwi. One article calculated that 
the marketing of GM salmon could reduce the cost of salmon by half, thus increasing 
salmon consumption and preventing 1,400 deaths from heart attack a year in the United 
States. 

Trade in Europe and Africa 

In response to negative public opinion, Monsanto announced its decision to remove their 
seed cereal business from Europe, and environmentalists crashed a World Trade 
Organization conference in Cancun that promoted GM foods and was sponsored by 
Committee for a Constructive Tomorrow (CFACT). Some African nations have refused 
emergency food aid from developed countries, fearing that the food is unsafe. During a 
conference in the Ethiopian capital of Addis Ababa, Kingsley Amoako, Executive 
Secretary of the United Nations Economic Commission for Africa (UNECA), encouraged 
African nations to accept genetically modified food and expressed dissatisfaction in the 
public’s negative opinion of biotechnology. 

Agricultural surpluses 

Patrick Mulvany, Chairman of the UK Food Group, accused some governments, 
especially the Bush administration, of using GM food aid as a way to dispose of 
unwanted agricultural surpluses. The UN blamed food companies and accused them of 
violating human rights, calling on governments to regulate these profit-driven firms. It is 
widely believed that the acceptance of biotechnology and genetically modified foods will 
also benefit rich research companies and could possibly benefit them more than 
consumers in underdeveloped nations. 

Labeling 

While some groups advocate the complete prohibition of GMOs, others call for 
mandatory labeling of genetically modified food or other products. Other controversies 
include the definition of patent and property pertaining to products of genetic 
engineering. According to the documentary Food, Inc. efforts to introduce labeling of 
GMOs has repetedly met resistance from lobbyists and politicians affiliated with 
companies like Monsanto. 

Testing 

Bruce Stutz's article, “Wanted: GM Seeds for Study,” highlights a story of two dozen 
scientist who spoke out against the research restrictions put forth by companies producing 
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genetically modified (GM) seeds such as DuPont, Monsanto, and Syngenta. In February 
2009, after scientist warned the U.S. Environmental protection Agency (EPA) “that 
industry influence had made independent analyses of transgenic crops impossible,” the 
American Seed Trade Association (ASTA) agreed that they “would allow researchers 
greater freedom to study the effects of GM food crops.” This agreement left many 
scientist optimistic about the future, but there is little optimism as to whether this 
agreement has the ability to “alter what has been a research environment rife with 
obstruction and suspicion.” 

Impoverished nations 

Some groups believe that impoverished nations will not reap the benefits of 
biotechnology because they do not have easy access to these developments, cannot afford 
modern agricultural equipment, and certain aspects of the system revolving around 
intellectual property rights are unfair to "undeveloped countries". For example, The 
CGIAR (Consultative Group of International Agricultural Research) is an aid and 
research organization that has been working to achieve sustainable food security and 
decrease poverty in undeveloped countries since its formation in 1971. In an evaluation 
of CGIAR, the World Bank praised its efforts but suggested a shift to genetics research 
and productivity enhancement. This plan has several obstacles such as patents, 
commercial licenses, and the difficulty that third world countries have in accessing the 
international collection of genetic resources and other intellectual property rights that 
would educate them about modern technology. The International Treaty on Plant Genetic 
Resources for Food and Agriculture has attempted to remedy this problem, but results 
have been inconsistent. As a result, "orphan crops", such as teff, millets, cowpeas, and 
indigenous plants, are important in the countries where they are grown, but receive little 
investment. 

Private investments 

The development and implementation of policies designed to encourage private 
investments in research and marketing biotechnology that will meet the needs of poverty-
stricken nations, increased research on other problems faced by poor nations, and joint 
efforts by the public and private sectors to ensure the efficient use of technology 
developed by industrialized nations have been suggested. In addition, industrialized 
nations have not tested GM technology on tropical plants, focusing on those that grow in 
temperate climates, even though undeveloped nations and the people that need the extra 
food live primarily in tropical climates. Some European scientists are concerned that 
political factors and ideology prevent unbiased assessment of GM technology in some 
EU countries, with a negative effect on the whole community. 

Transgenic organisms 

Another important controversy is the possibility of unforeseen local and global effects as 
a result of transgenic organisms proliferating. The basic ethical issues involved in genetic 
research are discussed in genetic engineering. 
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Some critics have raised the concern that conventionally-bred crop plants can be cross-
pollinated (bred) from the pollen of modified plants. Pollen can be dispersed over large 
areas by wind, animals, and insects. In 2007, the U.S. Department of Agriculture fined 
Scotts Miracle-Gro $500,000 when modified genetic material from creeping bentgrass, a 
new golf-course grass Scotts had been testing, was found within close relatives of the 
same genus (Agrostis) as well as in native grasses up to 21 km (13 miles) away from the 
test sites, released when freshly cut grass was blown by the wind. 

GM proponents point out that outcrossing, as this process is known, is not new. The same 
thing happens with any new open-pollinated crop variety—newly introduced traits can 
potentially cross out into neighboring crop plants of the same species and, in some cases, 
to closely related wild relatives. Defenders of GM technology point out that each GM 
crop is assessed on a case-by-case basis to determine if there is any risk associated with 
the outcrossing of the GM trait into wild plant populations. The fact that a GM plant may 
outcross with a related wild relative is not, in itself, a risk unless such an occurrence has 
negative consequences. If, for example, an herbicide resistance trait was to cross into a 
wild relative of a crop plant it can be predicted that this would not have any consequences 
except in areas where herbicides are sprayed, such as a farm. In such a setting the farmer 
can manage this risk by rotating herbicides. 

The European Union funds research programs such as Co-Extra, that investigate options 
and technologies on the coexistence of GM and conventional farming. This also includes 
research on biological containment strategies and other measures to prevent outcrossing 
and enable the implementation of coexistence. 

If patented genes are outcrossed, even accidentally, to other commercial fields and a 
person deliberately selects the outcrossed plants for subsequent planting then the patent 
holder has the right to control the use of those crops. This was supported in Canadian law 
in the case of Monsanto Canada Inc. v. Schmeiser. 

"Terminator" and "traitor" 

An often cited controversy is a "Technology Protection" technology dubbed 'Terminator'. 
This uncommercialized technology would allow the production of first generation crops 
that would not generate seeds in the second generation because the plants yield sterile 
seeds. The patent for this so-called "terminator" gene technology is owned by Delta and 
Pine Land Company and the United States Department of Agriculture. Delta and Pine 
Land was bought by Monsanto Company in August 2006. Similarly, the hypothetical 
trait-specific Genetic Use Restriction Technology, also known as 'Traitor' or 'T-gut', 
requires application of a chemical to genetically modified crops to reactivate engineered 
traits. This technology is intended both to limit the spread of genetically engineered 
plants, and to require farmers to pay yearly to reactivate the genetically engineered traits 
of their crops. Genetic Use Restriction Technology is under development by companies 
including Monsanto and AstraZeneca. 
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In addition to the commercial protection of proprietary technology in self-pollinating 
crops such as soybean (a generally contentious issue), another purpose of the terminator 
gene is to prevent the escape of genetically modified traits from cross-pollinating crops 
into wild-type species by sterilizing any resultant hybrids. Some environmentalist groups, 
while considering outcrossing of GM plants dangerous, felt the technology would prevent 
re-use of seed by farmers growing such terminator varieties in the developing world and 
was ostensibly a means to exercise patent claims. However other environmental groups 
welcomed the terminator gene as a means of preventing GM crops from mixing with 
natural crops. 

Hybrid seeds were commonly used in the developed countries long before the 
introduction of GM crops. Hybrid seeds cannot be saved, so purchasing new seed every 
year is already a standard agricultural practice. 

There are technologies evolving which contain the transgene by biological means and 
still can provide fertile seeds using fertility restorer functions. Such methods are being 
developed by several EU research programs, among them Transcontainer and Co-Extra. 

Governmental support and opposition 

Australia 

Several states of Australia had placed bans on planting GM food crops, beginning in 
2003. However, in late 2007 the states of New South Wales and Victoria lifted their bans. 
Western Australia lifted their state's ban in December 2008, while South Australia 
continues its ban. Tasmania has extended its moratorium until November 2014. The state 
of Queensland has allowed the growing of GM crops since 1995 and has never had a GM 
ban. 

Canada 

In 2005, a standing committee of the government of Prince Edward Island (PEI) in 
Canada assessed a proposal to ban the production of GMOs in the province. The ban was 
not passed. As of January 2008, the use of genetically modified crops on PEI was rapidly 
increasing. Mainland Canada is one of the world's largest producers of GM canola. 

Japan 

As of 2009, Japan has no commercial farming of any kinds of genetically modified food. 
Consumers have strongly resisted both imports and attempts to grow GMO in the 
country. Campaigns by consumer groups and environmental groups, such as Consumers 
Union of Japan and Greenpeace Japan, as well as local campaigns, have been very 
successful. In Hokkaido, a special bylaw has made it virtually impossible to grow GMOs, 
as the No! GMO Campaign collected over 200,000 signatures to oppose GMO farming. 
Consumers Union of Japan participated together with other Japanese NGOs at the Planet 
Diversity conference in Bonn, Germany on May 12–16, 2008, a global congress on the 
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future of food and agriculture, with a demonstration to celebrate biodiversity, to oppose 
GMOs. “We don’t only need networks between people, but between people and plants, 
and people and planet earth,” noted Koketsu Michiyo from CUJ. 

Cross-pollination has commonly occurred in Japan, as canola seed (rape seed) is 
imported from Canada. Around ports and the roads to major food oil companies, GE 
canola has now been found growing wild. Imported canola seeds have been found to be 
GMO varieties, including the Roundup Ready and Liberty Link types not grown in Japan. 
Activists and local groups, as well as the No! GMO Campaign and others, are alarmed 
that imported GMOs may harm the biodiversity and cause irreversible damage. A report 
from the Japanese National Institute for Environmental Studies (NIES) confirms that 
herbicide-resistant genetically engineered canola plants were identified in five of the six 
Japanese ports where samples were collected. 

A number of Japanese groups have been making submissions to Western Australia’s 
Review of the Genetically Modified Crops Free Areas Act 2003. These include the 
Seikatsu Club Consumers’ Cooperative Union and the Consumers Union of Japan. 
Seikatsu—an umbrella group of 29 Seikatsu Club Consumers’ Co-Operatives—and its oil 
crushers Okamura Oil Mill Ltd and Yonezawa Oil Co. Ltd., all have non-GE canola 
policies. The groups stopped importing canola from Canada after the introduction of GE 
canola, when cross-pollination made it impossible to guarantee GE-free canola from 
Canada. 

Pakistan 

The government supports the use of hybrid seeds. However, Monsanto once tried to sell 
their hybrid seeds of such important crops as wheat and rice via the government. Even 
though yields would have increased, it would have made the Pakistani population 
dependent on the seeds of one company. The contract was never given. 

New Zealand 

In New Zealand, no genetically modified food is grown and no medicines containing live 
genetically-modified organisms have been approved for use. However, medicines 
manufactured using genetically modified organisms that do not contain live organisms 
have been approved for sale, and imported foods with genetically modified components 
are sold. 

United States 

In 2004, Mendocino County, California became the first county in the United States to 
ban the production of GMOs. The measure passed with a 57% majority. In California, 
Trinity and Marin counties have also imposed bans on GM crops, while ordinances to do 
so were unsuccessful in Butte, Lake, San Luis Obispo, Humboldt, and Sonoma counties. 
Supervisors in the agriculturally-rich counties of Fresno, Kern, Kings, Solano, Sutter, and 
Tulare have passed resolutions supporting the practice. 
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In 2007, with reference to US negotiations with the EU on agricultural biotechnology, US 
diplomatic cables recommended that 'we calibrate a target retaliation list that causes some 
pain across the EU'. 

Zambia 

The Zambian government has launched a campaign to educate and increase awareness of 
the benefits of biotechnology, including genetically modified crops, in order to change 
negative public opinion. 

Other Africa 

In 2010, after nine years of talks, the Common Market for Eastern and Southern Africa 
(COMESA) produced a draft policy on GM technology. This proposed policy was sent to 
all 19 national governments for consultation in September 2010. Under the policy, a 
member country which wants to grow a new GM crop would inform COMESA who 
would have sufficient scientific expertise to make the decision as to whether the crop was 
safe for the environment and for humans. At the moment, few countries have the 
resources to make their own decisions. Once COMESA had made their decision, 
permission would be granted for the crop to be grown in all 19 member countries. 
Member countries would retain the power not to grow the crop in their own country if 
they wanted. 

France 

The cultivation of Monsanto's MON 810 corn was forbidden in France on February 9, of 
2008. It was the only GMO authorized in France. The safeguard measure is taken as far 
as side effects on human health will be known. In 2010 Marion Guillou, president of the 
National Institute for Agronomical Research and one of France's top farm researcher, said 
she can no longer work on developing new GMOs due to widespread distrust and even 
hostility by European consumers. 

Germany 

Germany placed a ban on the cultivation and sale of GMO maize in April 2009. 

Other European Countries 

MON 810 (maize) was the first GMO crop to be cultivated in Europe. The initial lines of 
maize were approved in 1997 and, by 2009, 76,000 hectares of GM maize were grown in 
Spain (20% of Spain's maize production). Smaller amounts were produced in the Czech 
Republic, Slovakia, Portugal, Romania and Poland. However, in addition to France and 
Germany, other European countries that have placed bans on the cultivation and sale of 
GMOs include Austria, Hungary, Greece, and Luxembourg. Ireland has also banned 
GMO cultivation, and has instituted a voluntary label for GMO-free food products. 
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Poland has also tried to institute a ban, with backlash from the European Commission. 
Bulgaria effectively banned cultivation of genetically modified organisms on March 18, 
2010. 

On 2 March 2010 a second species of GMO, a potato named Amflora, was approved for 
cultivation for industrial applications in the EU by the European Commission and was 
grown in Germany, Sweden and the Czech Republic that year. On 13 July 2010, the 
European Commission issued a recommendation that in future individual states in the EU 
should be able to ban the growing of specific GM crops that had been scientifically 
approved at the EU level. A ban could be justified on cultural, economic or ethical 
grounds. The EU approval process for imports of GM crops and labelling of GM food 
products remained in place. 
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Chapter- 7 

Pharming 

 

 
Pharming is a portmanteau of farming and "pharmaceutical" and refers to the use of 
genetic engineering to insert genes that code for useful pharmaceuticals into host animals 
or plants that would otherwise not express those genes. As a consequence, the host 
animals or plants then make the pharmaceutical product in large quantity, which can then 
be purified and used as a drug product. Some drug products and nutrients may be able to 
be delivered directly by eating the plant or drinking the milk. Such technology has the 
potential to produce large quantities of cheap vaccines, or other important pharmaceutical 
products such as insulin. 

The products of pharming are recombinant proteins or their metabolic products. Drugs 
made from recombinant proteins potentially have greater efficacy and fewer side effects 
than small organic molecules (which are often screened as potential drugs) because their 
action can be more precisely targeted toward the cause of a disease rather than treatment 
of symptoms. Recombinant proteins are most commonly produced using bacteria or yeast 
in a bioreactor, but pharming offers the advantage to the producer that it does not require 
expensive infrastructure, and production capacity can be quickly scaled to meet demand. 
It is estimated that the expense of producing a recombinant protein drug via pharming 
will be less than 70% of the current cost. 

In the United States, Transgenic plants including but not limited to those that produce 
pharmaceuticals, are regulated by three government agencies, which comprise the 
Coordinated Framework for Regulation of Biotechnology established in 1986. 

• United States Department of Agriculture Animal and Plant Health Inspection 
Service - evaluates potential agricultural impacts such as gene flow and 
'weediness' 

• United State  - evaluates potential 
environmental impact intergenic microorganisms under the Toxic Substances 
Control Act 

• United States Department of Health and Human Services Food and Drug 
Administration (FDA) - evaluates human health risk if the plant or one of its 
proteins is intended for human consumption 
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Pharming in mammals 

Expression in the milk of a mammal, such as a cow, sheep, or goat, is a common 
application, as milk production is plentiful and purification from milk is relatively easy. 
Hamsters and rabbits have also been used in preliminary studies because of their faster 
breeding. 

One approach to this technology is the creation of a transgenic mammal that can produce 
the biopharmaceutical in its milk (or blood or urine). Once an animal is produced, 
typically using the pronuclear microinjection method, it becomes efficacious to use 
cloning technology to create additional offspring that carry the favorable modified 
genome. In February 2009 the US FDA granted marketing approval for the first drug to 
be produced in genetically modified livestock. The drug is called ATryn, which is 
antithrombin protein purified from the milk of genetically-modified goats. Marketing 
permission was granted by the European Medicines Agency in August 2006. 

Pharming in plants 

Arabidopsis is often used as a model organism to study gene expression in plants, while 
actual production may be carried out in maize, rice, potatoes, tobacco, flax or safflower. 
The advantage of rice and flax is that they are self-pollinating, and thus gene flow issues 
(see below) are avoided. However, human error could still result in pharm crops entering 
the food supply. Using a minor crop such as safflower or Tobacco, avoids the greater 
political pressures and risk to the food supply involved with using staple crops such as 
beans or rice. Despite these risks, corn and soybeans are currently the most common 
crops used to produce pharmaceuticals. 

Plant-Made Pharmaceuticals (PMPs), also referred to as Biopharming, is a sub-sector of 
the biotechnology industry that involves the process of genetically engineering plants so 
that they can produce certain types of therapeutically important proteins and associate 
molecules such as peptides and secondary metabolites. The proteins and molecules can 
then be harvested and used to produce pharmaceuticals. 

There is much debate over the practicality of using plants to produce proteins. Some 
groups fear that contamination of conventional crops might occur; in several instances, 
companies have been fined for violating protocols, resulting in potential contamination. 
This leads to the question of "Why would biotechnology companies use plants to produce 
proteins?" 

Conventional production methods for pharmaceutical proteins involve substantial 
investments of both time and finances. Not only are there manufacturing challenges 
involved with conventional production methods, but there are also considerable 
regulatory challenges that must be met. There are currently ~200 protein-based medicines 
(vaccines, monoclonal antibody drugs, and other therapeutic proteins and peptides) on the 
market, and ~400 in development. (Statistics are from BIO, the biotechnology trade 
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group) Consequently, companies are motivated to provide a wider range of options for 
production of proteins used in these treatments. 

Biopharm proponents claim that using plants can offer an easily controllable, safe, and 
cost-effective method for manufacturing proteins, provided that proper regulatory 
safeguards are put into place to ensure that no outcrossing can occur. It is also important 
to note, that the global demand for particular pharmaceutical protein can easily be met 
from just a few acres of pharma-crop, which can be grown under high containment 
conditions (e.g. in the greenhouse). Some scientists even think that the term "gardening" 
is more appropriate than farming. Opponents are concerned that there are too many ways 
in which contamination of the food supply and the environment can occur to make this 
form of production socially desirable, or even economically feasible. 

Compared to conventional production methods, plant-made pharmaceuticals could save 
substantial time, money, and provide a system for producing proteins that could solve 
current production challenges. 

Although no drugs from pharm crops are currently on the market, open field growing 
trials of these crops began in the United States in 1992 and have taken place every year 
since. The United States Department of Agriculture has approved planting of pharma 
crops in every state, with most testing taking place in Hawaii, Nebraska, Iowa, and 
Wisconsin. 

These pharmaceutical crops could become extremely beneficial in developing countries. 
The World Health Organization estimates that nearly 3 million people die each year from 
vaccine preventable disease, mostly in Africa. Diseases such as measles and hepatitis lead 
to deaths in countries where the people cannot afford the high costs of vaccines, but 
pharm crops could help solve this problem. 

Companies in this industry hope that proteins made from plants can be used to develop 
treatments for some of the most serious diseases and conditions such as cancer, diabetes, 
HIV, heart disease, Alzheimer's disease, cystic fibrosis, multiple sclerosis, Hepatitis C, 
and arthritis, but no such products have as yet been approved. 

Controversy over pharming 

Those opposed to pharming fear that through either mishandling or gene flow, potentially 
dangerous pharmaceuticals may inadvertently enter the food supply. Precedents involving 
non-pharmaceutical genetically modified crops include the Starlink controversy, and 
trade war over genetically modified food between the European union and the USA. A 
similar reaction to pharmed rice is feared from Japan. 

In 2002, ProdiGene was fined $250,000 and ordered by the USDA to pay over $3 million 
in cleanup costs after allowing a fraction of a bushel of volunteer pharm corn to comingle 
with the soybean crop later planted in that field. Although the chance of gene flow 
between species is claimed to be low and there was in this case no threat to consumers, 
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the USDA has a zero tolerance policy. ProdiGene has since revised its protocols and 
resumed operations in Nebraska. In 2005, Anheuser-Busch threatened to boycott rice 
grown in Missouri because of plans by Ventria Bioscience to grow pharm rice in the 
state. A compromise was reached, but Ventria has withdrawn its 2006 permit to plant in 
Missouri due to unrelated circumstances. The company's field trials in North Carolina are 
expected to continue. 
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Chapter- 8 

Genetically Modified Food 

 

 
Genetically modified (GM) foods are foods derived from genetically modified 
organisms. Genetically modified organisms have had specific changes introduced into 
their DNA by genetic engineering techniques. These techniques are much more precise 
than mutagenesis (mutation breeding) where an organism is exposed to radiation or 
chemicals to create a non-specific but stable change. Other techniques by which humans 
modify food organisms include selective breeding (plant breeding and animal breeding), 
and somaclonal variation. 

GM foods were first put on the market in the early 1990s. Typically, genetically modified 
foods are transgenic plant products: soybean, corn, canola, and cotton seed oil. Animal 
products have also been developed, although as of July 2010 none are currently on the 
market. In 2006 a pig was controversially engineered to produce omega-3 fatty acids 
through the expression of a roundworm gene. Researchers have also developed a 
genetically-modified breed of pigs that are able to absorb plant phosphorus more 
efficiently, and as a consequence the phosphorus content of their manure is reduced by as 
much as 60%. 

Critics have objected to GM foods on several grounds, including possible safety issues, 
ecological concerns, and economic concerns raised by the fact that these organisms are 
subject to intellectual property law. 

Method 

Genetic modification involves the insertion or deletion of genes. In the process of 
cisgenesis, genes are artificially transferred between organisms that could be 
conventionally bred. In the process of transgenesis, genes from a different species are 
inserted, which is a form of horizontal gene transfer. In nature this can occur when 
exogenous DNA penetrates the cell membrane for any reason. To do this artificially may 
require attaching genes to a virus or just physically inserting the extra DNA into the 
nucleus of the intended host with a very small syringe, or with very small particles fired 
from a gene gun. However, other methods exploit natural forms of gene transfer, such as 
the ability of Agrobacterium to transfer genetic material to plants, and the ability of 
lentiviruses to transfer genes to animal cells. 
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Development 

The first commercially grown genetically modified whole food crop was a tomato (called 
FlavrSavr), which was modified to ripen without softening, by Calgene, later a subsidiary 
of Monsanto. Calgene took the initiative to obtain FDA approval for its release in 1994 
without any special labeling, although legally no such approval was required. It was 
welcomed by consumers who purchased the fruit at a substantial premium over the price 
of regular tomatoes. However, production problems and competition from a 
conventionally bred, longer shelf-life variety prevented the product from becoming 
profitable. A tomato produced using similar technology to the Flavr Savr was used by 
Zeneca to produce tomato paste which was sold in Europe during the summer of 1996. 
The labeling and pricing were designed as a marketing experiment, which proved, at the 
time, that European consumers would accept genetically engineered foods. Currently, 
there are a number of food species in which a genetically modified version exists (percent 
modified are mostly 2009/2010 data). 

Food 
Properties of the 

genetically modified 
variety 

Modification 
Percent 

Modified in 
US 

Percent 
Modified 
in world 

Soybeans Resistant to glyphosate 
or glufosinate herbicides 

Herbicide 
resistant gene 

taken from 
bacteria inserted 

into soybean 

93% 77% 

Corn, field 

Resistant to glyphosate 
or glufosinate 

herbicides. Insect 
resistance via producing 

Bt proteins, some 
previously used as 

pesticides in organic 
crop production. 

Vitamin-enriched corn 
derived from South 
African white corn 
variety M37W has 

bright orange kernels, 
with 169x increase in 
beta carotene, 6x the 

vitamin C and 2x folate. 

New genes, 
some from the 

bacterium 
Bacillus 

thuringiensis, 
added/transferred 

into plant 
genome. 

86% 26% 

Cotton 
(cottonseed 

oil) 
Pest-resistant cotton 

Bt crystal protein 
gene 

added/transferred 
into plant 

93% 49% 
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genome 

Alfalfa Resistant to glyphosate 
or glufosinate herbicides 

New genes 
added/transferred 

into plant 
genome. 

Planted in the 
US from 

2005–2007; 
no longer 
planted 

currently due 
to court 

decisions 

 

Hawaiian 
papaya 

Variety is resistant to the 
papaya ringspot virus. 

New gene 
added/transferred 

into plant 
genome 

80%  

Tomatoes 

Variety in which the 
production of the 

enzyme 
polygalacturonase (PG) 
is suppressed, retarding 

fruit softening after 
harvesting. 

A reverse copy 
(an antisense 

gene) of the gene 
responsible for 

the production of 
PG enzyme 

added into plant 
genome 

Taken off the 
market due to 
commercial 

failure. 

Small 
quantities 
grown in 

China 

Rapeseed 
(Canola) 

Resistance to herbicides 
(glyphosate or 

glufosinate), high laurate 
canola 

New genes 
added/transferred 

into plant 
genome 

93% 21% 

Sugar cane 
Resistance to certain 

pesticides, high sucrose 
content. 

New genes 
added/transferred 

into plant 
genome 

  

Sugar beet 
Resistance to 

glyphosate, glufosinate 
herbicides 

New genes 
added/transferred 

into plant 
genome 

95% (2010); 
planting in 
the US is 

halted as of 
13 Aug. 2010 
by court order 

9% 

Rice 

Genetically modified to 
contain high amounts of 

Vitamin A (beta-
carotene) 

"Golden rice" 
Three new genes 
implanted: two 
from daffodils 
and the third 

from a bacterium 

Forecast to be 
on the market 

in 2012 
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Squash 
(Zucchini) 

Resistance to 
watermelon, cucumber 

and zucchini yellow 
mosaic viruses 

Contains coat 
protein genes of 

viruses. 
13%  

Sweet 
Peppers Resistance to virus 

Contains coat 
protein genes of 

the virus. 
 

Small 
quantities 
grown in 

China 

In addition, various genetically engineered micro-organisms are routinely used as sources 
of enzymes for the manufacture of a variety of processed foods. These include alpha-
amylase from bacteria, which converts starch to simple sugars, chymosin from bacteria or 
fungi that clots milk protein for cheese making, and pectinesterase from fungi which 
improves fruit juice clarity. 

Growing GM crops 

Between 1997 and 2009, the total surface area of land cultivated with GMOs had 
increased by a factor of 80, from 17,000 km2 (4.2 million acres) to 1,340,000 km2 (331 
million acres). 

Although most GM crops are grown in North America, in recent years there has been 
rapid growth in the area sown in developing countries. For instance in 2009 the largest 
increase in crop area planted to GM crops (soybeans) was in Brazil (214,000 km2 in 2009 
versus 158,000 km2 in 2008.) There has also been rapid and continuing expansion of GM 
cotton varieties in India since 2002. (Cotton is a major source of vegetable cooking oil 
and animal feed.) In 2009 84,000 km2 of GM cotton were harvested in India. 

In India, GM cotton yields in Andhra Pradesh were no better than non-GM cotton in 
2002, the first year of commercial GM cotton planting. This was because there was a 
severe drought in Andhra Pradesh that year and the parental cotton plant used in the 
genetic engineered variant was not well suited to extreme drought. Maharashtra, 
Karnataka, and Tamil Nadu had an average 42% increase in yield with GM cotton in the 
same year. Drought resistant variants were developed and, with the substantially reduced 
losses to insect predation, by 2009 87% of Indian cotton was GM. Though disputed the 
economic and environmental benefits of GM cotton in India to the individual farmer have 
been documented. 

In 2009, countries that grew 95% of the global transgenic crops were the United States 
(46%), Brazil (16%), Argentina (15%), India (6%), Canada (6%), China (3%), Paraguay 
(2%) and South Africa (2%). The Grocery Manufacturers of America estimate that 75% 
of all processed foods in the U.S. contain a GM ingredient. In particular, Bt corn, which 
produces the pesticide within the plant itself, is widely grown, as are soybeans genetically 
designed to tolerate glyphosate herbicides. These constitute "input-traits" are aimed to 
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financially benefit the producers, have indirect environmental benefits and marginal cost 
benefits to consumers. 

In the US, by 2009/2010, 93% of the planted area of soybeans, 93% of cotton, 86% of 
corn and 95% of the sugar beet were genetically modified varieties. Genetically modified 
soybeans carried herbicide-tolerant traits only, but maize and cotton carried both 
herbicide tolerance and insect protection traits (the latter largely the Bacillus 
thuringiensis Bt insecticidal protein). In the period 2002 to 2006, there were significant 
increases in the area planted to Bt protected cotton and maize, and herbicide tolerant 
maize also increased in sown area. 

Legal issues in the US 

Alfalfa 

On 21 June 2010, the US Supreme Court issued its first ruling in regard to a GM crop. 
This was a ruling in regard to Roundup Ready alfalfa. The case goes back to 2006, when 
organic farmers, concerned about the impact of GM alfalfa on their crops, sued 
Monsanto. In response, the California Northern District Court ruled that the United States 
Department of Agriculture (USDA) was in error when it approved the planting of 
Roundup Ready alfalfa. According to the presiding judge, the law required the USDA to 
first conduct a full environmental study, which it had not done. It was the concern of the 
organic growers that the GM alfalfa could cross-pollinate with their organic alfalfa, 
making their crops unsalable in countries that forbid the growing of GM crops. 

The impact of the current US Supreme Court ruling is somewhat unclear, with both sides 
appearing to claim victory. While Monsanto can claim technical victory in the case, 
various other issues still remain open, and will likely be litigated in the future. 
Meanwhile, the planting of GM alfalfa currently remains halted in the US, and it is 
unclear when it may resume. 

Sugar beets 

Between 2009 and 2010, the United States District Court for the Northern District of 
California considered the case involving the planting of genetically modified sugar beets. 
This case involves Monsanto's breed of pesticide-resistant sugar beets. Earlier in 2010, 
Judge Jeffrey S. White allowed the planting of GM sugar beets to continue, but he also 
warned that this may be blocked in the future while an environmental review was taking 
place. Finally, on 13 August 2010, Judge White ordered a halt to the planting of the 
genetically modified sugar beets in the US. He indicated that "the Agriculture 
Department had not adequately assessed the environmental consequences before 
approving them for commercial cultivation." The decision was the result of a lawsuit 
organised by the Center for Food Safety, a US non-governmental organisation that is a 
critic of biotech crops. 



_________________WORLD TECHNOLOGIES_________________

WT

Crop yields 

A 1999 study by Charles Benbrook, Chief Scientist of the Organic Center, found that 
genetically engineered Roundup Ready soybeans did not increase yields. The report 
reviewed over 8,200 university trials in 1998 and found that Roundup Ready soybeans 
had a yield drag of 5.3% across all varieties tested. In addition, the same study found that 
farmers used 2-5 times more herbicide (Roundup) on Roundup Ready soybeans 
compared to other popular weed management systems. 

However research published in Science in 2003 has shown that the use of genetically 
modified Bt cotton in India increased yields by 60% over the period 1998-2001 while the 
number of applications of insecticides against bollworm were three times less on average. 

A 2008 Soil Association report found that some scientific studies claimed that genetically 
modified varieties of plants do not produce higher crop yields than normal plants. 

In 2009 the Union of Concerned Scientists summarized numerous peer-reviewed studies 
on the yield contribution of genetic engineering in the United States. This report 
examined the two most widely grown engineered crops—soybeans and maize (corn). 
Unlike many other studies, this work separated the yield contribution of the engineered 
gene from that of the many naturally occurring yield genes in crops. 

The report found that engineered herbicide tolerant soy and maize did not increase yield 
at the national, aggregate level. Maize engineered with Bt insect resistance genes 
increased national yield by about 3 to 4 percent. Engineered crops increased net yield in 
all cases. 

The study concluded that in the United States, other agricultural methods have made a 
much greater contribution to national crop yield increases in recent years than genetic 
engineering. United States Department of Agriculture data record maize yield increases 
of about 28 percent since engineered varieties were first commercialized in the mid 
1990s. The yield contribution of engineered genes has therefore been a modest fraction—
about 14 percent—of the maize yield increase since the mid 1990s. 

A 2010 article summarised the results of 49 peer reviewed studies on GM crops 
worldwide. On average, farmers in developed countries experienced increase in yield of 
6% and in underdeveloped countries of 29%. Tillage was decreased by 25-58% on 
herbicide resistant soybeans, insecticide applications on Bt crops were reduced by 14-
76% and 72% of farmers worldwide experienced positive economic results. 

Coexistence and traceability 

The United States and Canada do not require labeling of genetically modified foods. 
However in certain other regions, such as the European Union, Japan, Malaysia and 
Australia, governments have required labeling so consumers can exercise choice between 
foods that have genetically modified, conventional or organic origins. This requires a 
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labeling system as well as the reliable separation of GM and non-GM organisms at 
production level and throughout the whole processing chain. 

For traceability, the OECD has introduced a "unique identifier" which is given to any 
GMO when it is approved. This unique identifier must be forwarded at every stage of 
processing. Many countries have established labeling regulations and guidelines on 
coexistence and traceability. Research projects such as Co-Extra, SIGMEA and 
Transcontainer are aimed at investigating improved methods for ensuring coexistence and 
providing stakeholders the tools required for the implementation of coexistence and 
traceability. 

Detection 

Testing on GMOs in food and feed is routinely done using molecular techniques like 
DNA microarrays or qPCR. These tests can be based on screening genetic elements (like 
p35S, tNos, pat, or bar) or event-specific markers for the official GMOs (like Mon810, 
Bt11, or GT73). The array-based method combines multiplex PCR and array technology 
to screen samples for different potential GMOs, combining different approaches 
(screening elements, plant-specific markers, and event-specific markers). 

The qPCR is used to detect specific GMO events by usage of specific primers for 
screening elements or event-specific markers. Controls are necessary to avoid false 
positive or false negative results. For example, a test for CaMV is used to avoid a false 
positive in the event of a virus contaminated sample. 

PLU codes 

A Price Look-Up code beginning with the digit 8 indicates genetically modified food. 

Controversy 

While it is evident that there is a food supply issue, the question is whether GM can solve 
world hunger problems, or even if that would be the best way to address the issue. 
Several scientists argue that in order to meet the demand for food in the developing 
world, a second Green Revolution with increased use of GM crops is needed. Others 
argue that there is more than enough food in the world and that the hunger crisis is caused 
by problems in food distribution and politics, not production. Recently some critics and 
environmentalists have changed their minds on the issue with respect to the need for 
additional food supplies. Further, it has been widely noted that there are those who 
consider over-population the real issue here, and that food production is adequate for any 
reasonable population size. 

“Genetic modification is analogous to nuclear power: nobody loves it, but climate change 
has made its adoption imperative,” says economist Paul Collier of Oxford University. 
"Declining genetic modification makes a complicated issue more complex. Genetic 
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modification offers both faster crop adaptation and a biological, rather than chemical, 
approach to yield increases." 

On the other hand, many believe that GM food has not been a success and that we should 
devote our efforts and money into another solution. “We need biodiversity intensification 
that works with nature’s nutrient and water cycles, not against them,” says Vandana 
Shiva, the founder of Navdanya, the movement of 500,000 seed keepers and organic 
farmers in India, argues that GMF’s have not increased yields. Recently, Doug Gurian-
Sherman, a member of the Union of Concerned Scientists, a nonprofit science advocacy 
group, published a report called “Failure to Yield”, in which he stated that in a nearly 20 
year record, genetically engineered crops have not increased yields substantially of food 
and livestock feed crops in the United States. 

Some claim that genetically modified food help farmers produce, despite the odds or any 
environmental barriers. “While new technology must be tested before it is commercially 
released, we should be mindful of the risks of not releasing it at all,” says Per Pinstrup-
Andersen, professor of Food, Nutrition and Public Policy at Cornell University. Per 
Pinstrup-Anderson argues, “Misguided anti-science ideology and failure by governments 
to prioritize agricultural and rural development in developing countries brought us the 
food crisis.” He clearly states the challenge we face is not the challenge of whether we 
have enough resources to produce, but whether we will change our behavior. 

Economic and environmental effects 

 
 

Adoption of genetically-engineered crops in the United States 
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• Many proponents of genetically engineered crops claim they lower pesticide 
usage and have brought higher yields and profitability to many farmers, including 
those in developing nations. For example, a 2010 study by US scientists, found 
that the economic benefit of Bt corn to farmers in five mid-west states was $6.9 
billion over the previous 14 years. They were surprised that the majority ($4.3 
billion) of the benefit accrued to non-Bt corn. This was speculated to be because 
the European Corn Borers that attack the Bt corn die and there are fewer left to 
attack the non-GM corn nearby. 

• The United States has seen a widespread adoption of genetically-engineered corn, 
cotton and soybean crops since 1996 (see figure). 

• In 2010, the U.S. National Academy of Sciences reported that genetically 
engineered crops had resulted in reduced pesticide application and reduced soil 
erosion from tilling. The report also stated that the advent of glyphosate-herbicide 
resistant weeds—that have developed because of the use of engineered crops—
could cause the genetically engineered crops to lose their effectiveness unless 
farmers also use other established weed management strategies. 

• In a study by Scientists at the University of Arkansas published in 2010 showed 
that about 83 percent of wild or weedy canola they tested contained genetically 
modified herbicide resistance genes, and they also found some plants that 
contained resistance to both herbicides, a combination of transgenic traits that had 
not been developed in canola crops. That leads us to believe that these wild 
populations that contain modified genes have become established populations. 

Bans 

• In 2002, Zambia cut off the flow of Genetically Modified Food (mostly maize) 
from UN's World Food Programme. This left a famine-stricken population 
without food aid. 

• In December 2005 the Zambian government changed its mind in the face of 
further famine and allowed the importation of GM maize. However, the Zambian 
Minister for Agriculture Mundia Sikatana has insisted that the ban on genetically 
modified maize remains, saying "We do not want GM (genetically modified) 
foods and our hope is that all of us can continue to produce non-GM foods." 

• In April 2004 Hugo Chávez announced a total ban on genetically modified seeds 
in Venezuela. 

• In January 2005, the Hungarian government announced a ban on importing and 
planting of genetic modified maize seeds, which was subsequently authorized by 
the EU. 

• On August 18, 2006, American exports of rice to Europe were interrupted when 
much of the U.S. crop was confirmed to be contaminated with unapproved 
engineered genes, possibly caused by cross-pollination with conventional crops. 

• On February 9, 2010, Indian Environment Minister, Jairam Ramesh, imposed a 
moratorium on the cultivation of GMF "for as long as it is needed to establish 
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public trust and confidence". His decision was made after protest from several 
groups responding to regulatory approval of the cultivation of Bt brinjal, a GM 
eggplant in October, 2009. 

U.S. government reaction to European ban 

In recent years, France and several other European countries banned Monsanto's MON-
810 corn and similar genetically modified food crops. In late 2007, the U.S. ambassador 
to France recommended "moving to retaliation" against France and the European Union 
in an attempt to fight the French ban and changes in European policy toward genetically 
modified crops, according to a U.S. government diplomatic cable obtained by WikiLeaks. 
The U.S. ambassador to France recommended retaliation to cause "some pain across the 
EU." 

Intellectual property 

Traditionally, farmers in all nations saved their own seed from year to year. It should be 
noted that this does not apply in more agriculturally developed countries for some crops. 
Corn is one example where producers generally have not saved seed since the early 1900s 
with the advent of hybrid corn through selective breeding. Seed producers grow the seed 
corn instead due to the effort needed to produce hybrids. The offspring of the hybrid 
corn, while still viable, lose the beneficial traits of the parents, resulting in the loss of 
hybrid vigor. In these cases, the use of hybrid plants has been the primary reason for 
growers not saving seed, not intellectual property issues, and has been in practice well 
before genetically-modified seed was developed. However, the practice of not saving 
seed in non-hybrid crops, such as soybean, is mainly due to intellectual property 
regulations. Allowing to follow this practice with genetically modified seed would result 
in seed developers losing the ability to profit from their breeding work. Therefore, 
genetically-modified seed is subject to licensing by their developers in contracts that are 
written to prevent farmers from following this practice. 

Enforcement of patents on genetically modified plants is often contentious, especially 
because of gene flow. In 1998, 95-98 percent of about 10 km2 planted with canola by 
Canadian farmer Percy Schmeiser were found to contain Monsanto Company's patented 
Roundup Ready gene although Schmeiser had never purchased seed from Monsanto. The 
initial source of the plants was undetermined, and could have been through either gene 
flow or intentional theft. However, the overwhelming predominance of the trait implied 
that Schmeiser must have intentionally selected for it. The court determined that 
Schmeiser had saved seed from areas on and adjacent to his property where Roundup had 
been sprayed, such as ditches and near power poles. 

Although unable to prove direct theft, Monsanto sued Schmeiser for piracy since he 
knowingly grew Roundup Ready plants without paying royalties (Ibid). The case made it 
to the Canadian Supreme Court, which in 2004 ruled 5 to 4 in Monsanto’s favor. The 
dissenting judges focused primarily on the fact that Monsanto's patents covered only the 
gene itself and glyphosate resistant cells, and failed to cover transgenic plants in their 



_________________WORLD TECHNOLOGIES_________________

WT

entirety. All of the judges agreed that Schmeiser would not have to pay any damages 
since he had not benefited from his use of the genetically modified seed. 

In response to criticism, Monsanto Canada's Director of Public Affairs stated that "It is 
not, nor has it ever been Monsanto Canada's policy to enforce its patent on Roundup 
Ready crops when they are present on a farmer's field by accident...Only when there has 
been a knowing and deliberate violation of its patent rights will Monsanto act." 

Future developments 

Future envisaged applications of GMOs are diverse and include drugs in food, bananas 
that produce human vaccines against infectious diseases such as Hepatitis B, 
metabolically engineered fish that mature more quickly, fruit and nut trees that yield 
years earlier, foods no longer containing properties associated with common intolerances, 
and plants that produce new plastics with unique properties. While their practicality or 
efficacy in commercial production has yet to be fully tested, the next decade may see 
exponential increases in GM product development as researchers gain increasing access 
to genomic resources that are applicable to organisms beyond the scope of individual 
projects. Safety testing of these products will also, at the same time, be necessary to 
ensure that the perceived benefits will indeed outweigh the perceived and hidden costs of 
development. Plant scientists, backed by results of modern comprehensive profiling of 
crop composition, point out that crops modified using GM techniques are less likely to 
have unintended changes than are conventionally bred crops. 

Health risks 

In the United States, the FDA Center for Food Safety and Applied Nutrition reviews 
summaries of food safety data developed and voluntarily submitted by developers of 
engineered foods, in part on the basis of comparability to conventionally-produced foods. 
There are no specific tests required by FDA to determine safety. FDA does not approve 
the safety of engineered foods, but after its review, acknowledges that the developer of 
the food has asserted that it is safe. The table below shows the foods that have been 
reviewed by FDA as of 2002. 
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A 2008 review published by the Royal Society of Medicine noted that GM foods have 
been eaten by millions of people worldwide for over 15 years, with no reports of ill 
effects. Similarly a 2004 report from the US National Academies of Sciences stated: "To 
date, no adverse health effects attributed to genetic engineering have been documented in 
the human population." There have, however, been no epidemiological studies to 
determine whether engineered crops have caused any harm to the public. Without such 
studies, it is unlikely that harm, if it occurred, would be detected or attributed to 
engineered foods. Worldwide, there are a range of perspectives within non-governmental 
organizations on the safety of GM foods. For example, the US pro-GM pressure group 
AgBioWorld has argued that GM foods have been proven safe, while other pressure 
groups and consumer rights groups, such as the Organic Consumers Association, and 
Greenpeace claim the long term health risks which GM could pose, or the environmental 
risks associated with GM, have not yet been adequately investigated. 

In 1998 Rowett Research Institute scientist Árpád Pusztai reported that consumption of 
potatoes genetically modified to contain lectin had adverse intestinal effects on rats. 
Pusztai eventually published a paper, co-authored by Stanley Ewen, in the journal, The 
Lancet. The paper claimed to show that rats fed on potatoes genetically modified with the 
snowdrop lectin had unusual changes to their gut tissue when compared with rats fed on 
non modified potatoes. The experiment modified potatoes to add a toxin (snowdrop 
lectin), but the experiment failed to include a control for the toxin alone or a control for 
genetic modifications alone (without added toxin); therefore, no conclusion could be 
made about the safety of the genetic engineering. The experiment has been criticised by 
other scientists on the grounds that the unmodified potatoes were not a fair control diet 
and that all the rats may have been sick, due to them being fed a diet of only potatoes. 

In 2009 three scientists (Vendômois et al) published a statistical re-analysis of three 
feeding trials that had previously been published by others as establishing the safety of 
genetically modified corn. The new article claimed that their statistics instead showed 
that the three patented crops (Mon 810, Mon 863, and NK 603) developed and owned by 
Monsanto cause liver, kidney, and heart damage in mammals. A 2007 analysis of part of 
this data by the same group of scientists funded by Greenpeace was assessed by a panel 
of independent toxicologists in a study funded by Monsanto and published in the journal 
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Food and chemical toxicology. The reviewers reported that the study was statistically 
flawed and providing no evidence of adverse effects. The French High Council of 
Biotechnologies Scientific Committee reviewed the 2009 Vendômois et al study and 
concluded that it "..presents no admissible scientific element likely to ascribe any 
haematological, hepatic or renal toxicity to the three re-analysed GMOs. An evaluation 
by the European Food Safety Authority of the 2009 and 2007 studies noted that most of 
the results were within natural variation and they did not consider any of the effects 
reported biologically relevant. A review by Food Standards Australia New Zealand of the 
2009 Vendômois et al study concluded that the results were due to chance alone. 

Gene transfer 

As of January 2009 there has only been one human feeding study conducted on the 
effects of genetically modified foods. The study involved seven human volunteers who 
had previously had their large intestines removed. These volunteers were to eat GM soy 
to see if the DNA of the GM soy transferred to the bacteria that naturally lives in the 
human gut. Researchers identified that three of the seven volunteers had transgenes from 
GM soya transferred into the bacteria living in their gut before the start of the feeding 
experiment. As this low-frequency transfer did not increase after the consumption of GM 
Soy, the researchers concluded that gene transfer did not occur during the experiment. In 
volunteers with complete digestive tracts, the transgene did not survive passage through 
intact gastrointestinal tract. Anti-GM advocates believe the study should prompt 
additional testing to determine its significance.. Other studies have found DNA from M13 
virus, GFP and even ribulose-1,5-bisphosphate carboxylase (Rubisco) genes in the blood 
and tissue of ingesting animals (reviewed by 

Two studies on the possible effects of feeding genetically modified feeds to animals 
found that there was no significant differences in the safety and nutritional value of 
feedstuffs containing material derived from genetically modified plants. Specifically, the 
studies noted that no residues of recombinant DNA or novel proteins have been found in 
any organ or tissue samples obtained from animals fed with GMP plants. 

Allergies 

In the mid 1990s Pioneer Hi-Bred tested the allergenicity of a transgenic soybean that 
expressed a Brazil nut seed storage protein in hope that the seeds would have increased 
levels of the amino acid methionine. The tests (radioallergosorbent testing, 
immunoblotting, and skin-prick testing) showed that individuals allergic to Brazil nuts 
were also allergic to the new GM soybean. Pioneer has indicated that it will not develop 
commercial cultivars containing Brazil nut protein because the protein is likely to be an 
allergen. 

Traceability 

In a January 2010 paper by Costa et al. the extraction and detection of DNA along a 
complete industrial soybean oil processing chain was described to monitor the presence 
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of Roundup Ready (RR) soybean: "The amplification of soybean lectin gene by end-point 
polymerase chain reaction (PCR) was successfully achieved in all the steps of extraction 
and refining processes, until the fully refined soybean oil. The amplification of RR 
soybean by PCR assays using event-specific primers was also achieved for all the 
extraction and refining steps, except for the intermediate steps of refining (neutralisation, 
washing and bleaching) possibly due to sample instability. The real-time PCR assays 
using specific probes confirmed all the results and proved that it is possible to detect and 
quantify genetically modified organisms in the fully refined soybean oil. To our 
knowledge, this has never been reported before and represents an important 
accomplishment regarding the traceability of genetically modified organisms in refined 
oils." 
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Chapter- 9 

Gene Therapy 

 

 

 
 

Gene therapy 

Gene therapy is the insertion, alteration, or removal of genes within an individual's cells 
and biological tissues to treat disease. The most common form of gene therapy involves 
the insertion of functional genes into an unspecified genomic location in order to replace 
a mutated gene, but other forms involve directly correcting the mutation or modifying 
normal gene that enables a viral infection. Although the technology is still in its infancy, 
it has been used with some success. Scientific breakthroughs continue to move gene 
therapy toward mainstream medicine. 

Approach 

Scientists have taken the logical step of trying to introduce genes directly into human 
cells, focusing on diseases caused by single-gene defects, such as cystic fibrosis, 
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haemophilia, muscular dystrophy and sickle cell anemia. However, this has proven more 
difficult than modifying bacteria, primarily because of the problems involved in carrying 
large sections of DNA and delivering them to the correct site on the gene. Today, most 
gene therapy studies are aimed at cancer and hereditary diseases linked to a genetic 
defect. Antisense therapy is not strictly a form of gene therapy, but is a related, 
genetically-mediated therapy. 

The most common form of genetic engineering involves the insertion of a functional gene 
at an unspecified location in the host genome. This is accomplished by isolating and 
copying the gene of interest, generating a construct containing all the genetic elements for 
correct expression, and then inserting this construct into a random location in the host 
organism. Other forms of genetic engineering include gene targeting and knocking out 
specific genes via engineered nucleases such as zinc finger nucleases, engineered I-CreI 
homing endonucleases, or nucleases generated from TAL effectors. An example of gene-
knockout mediated gene therapy is the knockout of the human CCR5 gene in T-cells in 
order to control HIV infection. This approach is currently being used in several human 
clinical trials. 

The biology of human gene therapy remains complex and many techniques need further 
development. Many diseases and their strict genetic link need to be understood more fully 
before gene therapy can be used appropriately. The public policy debate surrounding the 
possible use of genetically engineered material in human subjects has been equally 
complex. Major participants in the debate have come from the fields of biology, 
government, law, medicine, philosophy, politics, and religion, each bringing different 
views to the discussion. 

Types of gene therapy 

Gene therapy may be classified into the two following types: 

Germ line gene therapy 

In the case of germ line gene therapy, germ cells, i.e., sperm or eggs, are modified by the 
introduction of functional genes, which are ordinarily integrated into their genomes. 
Therefore, the change due to therapy would be heritable and would be passed on to later 
generations. This new approach, theoretically, should be highly effective in counteracting 
genetic disorders and hereditary diseases. However, many jurisdictions prohibit this for 
application in human beings, at least for the present, for a variety of technical and ethical 
reasons. 

Somatic gene therapy 

In the case of somatic gene therapy, the therapeutic genes are transferred into the somatic 
cells of a patient. Any modifications and effects will be restricted to the individual patient 
only, and will not be inherited by the patient's offspring or later generations. 
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Vectors in gene therapy 

Viruses 

All viruses bind to their hosts and introduce their genetic material into the host cell as 
part of their replication cycle. This genetic material contains basic 'instructions' of how to 
produce more copies of these viruses, hijacking the body's normal production machinery 
to serve the needs of the virus. The host cell will carry out these instructions and produce 
additional copies of the virus, leading to more and more cells becoming infected. Some 
types of viruses insert their genes into the host's genome, but do not actually enter the 
cell. Others penetrate the cell membrane disguised as protein molecules and enter the 
cell. 

There are two main types of virus infection: lytic and lysogenic. Shortly after inserting its 
DNA, viruses of the lytic cycle quickly produce more viruses, burst from the cell and 
infect more cells. Lysogenic viruses integrate their DNA into the DNA of the host cell 
and may live in the body for many years before responding to a trigger. The virus 
reproduces as the cell does and does not inflict bodily harm until it is triggered. The 
trigger releases the DNA from that of the host and employs it to create new viruses. HIV 
is a lysogenic infection. Some scientists believe that if they find the origin of its trigger, 
they will be able to stop the virus from ever reproducing throughout the body. 

Retroviruses 

The genetic material in retroviruses is in the form of RNA molecules, while the genetic 
material of their hosts is in the form of DNA. When a retrovirus infects a host cell, it will 
introduce its RNA together with some enzymes, namely reverse transcriptase and 
integrase, into the cell. This RNA molecule from the retrovirus must produce a DNA 
copy from its RNA molecule before it can be integrated into the genetic material of the 
host cell. The process of producing a DNA copy from an RNA molecule is termed 
reverse transcription. It is carried out by one of the enzymes carried in the virus, called 
reverse transcriptase. After this DNA copy is produced and is free in the nucleus of the 
host cell, it must be incorporated into the genome of the host cell. That is, it must be 
inserted into the large DNA molecules in the cell (the chromosomes). This process is 
done by another enzyme carried in the virus called integrase. 

Now that the genetic material of the virus has been inserted, it can be said that the host 
cell has been modified to contain new genes. If this host cell divides later, its descendants 
will all contain the new genes. Sometimes the genes of the retrovirus do not express their 
information immediately. 

One of the problems of gene therapy using retroviruses is that the integrase enzyme can 
insert the genetic material of the virus into any arbitrary position in the genome of the 
host; it randomly inserts the genetic material into a chromosome. If genetic material 
happens to be inserted in the middle of one of the original genes of the host cell, this gene 
will be disrupted (insertional mutagenesis). If the gene happens to be one regulating cell 
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division, uncontrolled cell division (i.e., cancer) can occur. This problem has recently 
begun to be addressed by utilizing zinc finger nucleases or by including certain sequences 
such as the beta-globin locus control region to direct the site of integration to specific 
chromosomal sites. 

Gene therapy trials using retroviral vectors to treat X-linked severe combined 
immunodeficiency (X-SCID) represent the most successful application of gene therapy to 
date. More than twenty patients have been treated in France and Britain, with a high rate 
of immune system reconstitution observed. Similar trials were restricted or halted in the 
USA when leukemia was reported in patients treated in the French X-SCID gene therapy 
trial. To date, four children in the French trial and one in the British trial have developed 
leukemia as a result of insertional mutagenesis by the retroviral vector. All but one of 
these children responded well to conventional anti-leukemia treatment. Gene therapy 
trials to treat SCID due to deficiency of the Adenosine Deaminase (ADA) enzyme 
continue with relative success in the USA, Britain, Italy and Japan. 

Adenoviruses 

Adenoviruses are viruses that carry their genetic material in the form of double-stranded 
DNA. They cause respiratory, intestinal, and eye infections in humans (especially the 
common cold). When these viruses infect a host cell, they introduce their DNA molecule 
into the host. The genetic material of the adenoviruses is not incorporated (transient) into 
the host cell's genetic material. The DNA molecule is left free in the nucleus of the host 
cell, and the instructions in this extra DNA molecule are transcribed just like any other 
gene. The only difference is that these extra genes are not replicated when the cell is 
about to undergo cell division so the descendants of that cell will not have the extra gene. 
As a result, treatment with the adenovirus will require readministration in a growing cell 
population although the absence of integration into the host cell's genome should prevent 
the type of cancer seen in the SCID trials. This vector system has been promoted for 
treating cancer and indeed the first gene therapy product to be licensed to treat cancer, 
Gendicine, is an adenovirus. Gendicine, an adenoviral p53-based gene therapy was 
approved by the Chinese FDA in 2003 for treatment of head and neck cancer. Advexin, a 
similar gene therapy approach from Introgen, was turned down by the US FDA in 2008. 

Concerns about the safety of adenovirus vectors were raised after the 1999 death of Jesse 
Gelsinger while participating in a gene therapy trial. Since then, work using adenovirus 
vectors has focused on genetically crippled versions of the virus. 

Adeno-associated viruses 

Adeno-associated viruses, from the parvovirus family, are small viruses with a genome of 
single stranded DNA. The wild type AAV can insert genetic material at a specific site on 
chromosome 19 with near 100% certainty. But the recombinant AAV, which does not 
contain any viral genes and only the therapeutic gene, does not integrate into the genome. 
Instead the recombinant viral genome fuses at its ends via the ITR (inverted terminal 
repeats) recombination to form circular, episomal forms which are predicted to be the 
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primary cause of the long term gene expression. There are a few disadvantages to using 
AAV, including the small amount of DNA it can carry (low capacity) and the difficulty in 
producing it. The production problem however has recently been solved by Amsterdam 
Molecular Therapeutics. This type of virus is being used, however, because it is non-
pathogenic (most people carry this harmless virus). In contrast to adenoviruses, most 
people treated with AAV will not build an immune response to remove the virus and the 
cells that have been successfully treated with it. Several trials with AAV are on-going or 
in preparation, mainly trying to treat muscle and eye diseases; the two tissues where the 
virus seems particularly useful. However, clinical trials have also been initiated where 
AAV vectors are used to deliver genes to the brain. This is possible because AAV viruses 
can infect non-dividing (quiescent) cells, such as neurons in which their genomes are 
expressed for a long time. 

Envelope protein pseudotyping of viral vectors 

The viral vectors described above have natural host cell populations that they infect most 
efficiently. Retroviruses have limited natural host cell ranges, and although adenovirus 
and adeno-associated virus are able to infect a relatively broader range of cells efficiently, 
some cell types are refractory to infection by these viruses as well. Attachment to and 
entry into a susceptible cell is mediated by the protein envelope on the surface of a virus. 
Retroviruses and adeno-associated viruses have a single protein coating their membrane, 
while adenoviruses are coated with both an envelope protein and fibers that extend away 
from the surface of the virus. The envelope proteins on each of these viruses bind to cell-
surface molecules such as heparin sulfate, which localizes them upon the surface of the 
potential host, as well as with the specific protein receptor that either induces entry-
promoting structural changes in the viral protein, or localizes the virus in endosomes 
wherein acidification of the lumen induces this refolding of the viral coat. In either case, 
entry into potential host cells requires a favorable interaction between a protein on the 
surface of the virus and a protein on the surface of the cell. For the purposes of gene 
therapy, one might either want to limit or expand the range of cells susceptible to 
transduction by a gene therapy vector. To this end, many vectors have been developed in 
which the endogenous viral envelope proteins have been replaced by either envelope 
proteins from other viruses, or by chimeric proteins. Such chimera would consist of those 
parts of the viral protein necessary for incorporation into the virion as well as sequences 
meant to interact with specific host cell proteins. Viruses in which the envelope proteins 
have been replaced as described are referred to as pseudotyped viruses. For example, the 
most popular retroviral vector for use in gene therapy trials has been the lentivirus Simian 
immunodeficiency virus coated with the envelope proteins, G-protein, from Vesicular 
stomatitis virus. This vector is referred to as VSV G-pseudotyped lentivirus, and infects 
an almost universal set of cells. This tropism is characteristic of the VSV G-protein with 
which this vector is coated. Many attempts have been made to limit the tropism of viral 
vectors to one or a few host cell populations. This advance would allow for the systemic 
administration of a relatively small amount of vector. The potential for off-target cell 
modification would be limited, and many concerns from the medical community would 
be alleviated. Most attempts to limit tropism have used chimeric envelope proteins 
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bearing antibody fragments. These vectors show great promise for the development of 
"magic bullet" gene therapies. 

Replication-Competent Vectors 

A replication-competent vector called ONYX-015 is used in replicating tumor cells. It 
was found that in the absence of the E1B-55Kd viral protein, adenovirus caused very 
rapid apoptosis of infected, p53(+) cells, and this results in dramatically reduced virus 
progeny and no subsequent spread. Apoptosis was mainly the result of the ability of EIA 
to inactivate p300. In p53(-) cells, deletion of E1B 55kd has no consequence in terms of 
apoptosis, and viral replication is similar to that of wild-type virus, resulting in massive 
killing of cells. 

A replication-defective vector deletes some essential genes. These deleted genes are still 
necessary in the body so they are replaced with either a helper virus or a DNA molecule. 

Cis and trans-acting elements 

Replication-defective vectors always contain a “transfer construct”. The transfer 
construct carries the gene to be transduced or “transgene”. The transfer construct also 
carries the sequences which are necessary for the general functioning of the viral 
genome: packaging sequence, repeats for replication and, when needed, priming of 
reverse transcription. These are denominated cis-acting elements, because they need to be 
on the same piece of DNA as the viral genome and the gene of interest. Trans-acting 
elements are viral elements, which can be encoded on a different DNA molecule. For 
example, the viral structural proteins can be expressed from a different genetic element 
than the viral genome. 

Herpes Simplex Virus 

Herpes Simplex Virus is a human neurotropic virus. This is mostly examined for gene 
transfer in the nervous system. The wild type HSV-1 virus is able to infect neurons. 
Infected neurones are not rejected by the immune system. Though the latent virus is not 
transcriptionally apparent, it does possess neurone specific promoters that can continue to 
function normally. Antibodies to HSV-1 are common in humans, however complications 
due to herpes infection are somewhat rare. 

Non-viral methods 

Non-viral methods present certain advantages over viral methods, with simple large scale 
production and low host immunogenicity being just two. Previously, low levels of 
transfection and expression of the gene held non-viral methods at a disadvantage; 
however, recent advances in vector technology have yielded molecules and techniques 
with transfection efficiencies similar to those of viruses. 
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Injection of Naked DNA 

This is the simplest method of non-viral transfection. Clinical trials carried out of 
intramuscular injection of a naked DNA plasmid have occurred with some success; 
however, the expression has been very low in comparison to other methods of 
transfection. In addition to trials with plasmids, there have been trials with naked PCR 
product, which have had similar or greater success. Cellular uptake of naked DNA is 
generally inefficient. Research efforts focusing on improving the efficiency of naked 
DNA uptake have yielded several novel methods, such as electroporation, sonoporation, 
and the use of a "gene gun", which shoots DNA coated gold particles into the cell using 
high pressure gas. 

Physical Methods to Enhance Delivery 

Electroporation 

Electorporation is a method that uses short pulses of high voltage to carry DNA across 
the cell membrane. This shock is thought to cause temporary formation of pores in the 
cell membrane, allowing DNA molecules to pass through. Electroporation is generally 
efficient and works across a broad range of cell types. However, a high rate of cell death 
following electroporation has limited its use, including clinical applications. 

More recently a newer method of electroporation, termed electron-avalanche transfection, 
has been used in gene therapy experiments. By using a high-voltage plasma discharge, 
DNA was efficiently delivered following very short (microsecond) pulses. Compared to 
electroporation, the technique resulted in greatly increased efficiency and less cellular 
damage. 

Gene Gun 

The use of particle bombardment, or the gene gun, is another physical method of DNA 
transfection. In this technique, DNA is coated with gold particles and loaded into a device 
which generates a force to achieve penetration of DNA/gold into the cells. 

Sonoporation 

Sonoporation uses ultrasonic frequencies to deliver DNA into cells. The process of 
acoustic cavitation is thought to disrupt the cell membrane and allow DNA to move into 
cells. 

Magnetofection 

In a method termed magnetofection, DNA is complexed to a magnetic particles, and a 
magnet is placed underneath the tissue culture dish to bring DNA complexes into contact 
with a cell monolayer. 
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Chemical Methods to Enhance Delivery 

Oligonucleotides 

The use of synthetic oligonucleotides in gene therapy is to inactivate the genes involved 
in the disease process. There are several methods by which this is achieved. One strategy 
uses antisense specific to the target gene to disrupt the transcription of the faulty gene. 
Another uses small molecules of RNA called siRNA to signal the cell to cleave specific 
unique sequences in the mRNA transcript of the faulty gene, disrupting translation of the 
faulty mRNA, and therefore expression of the gene. A further strategy uses double 
stranded oligodeoxynucleotides as a decoy for the transcription factors that are required 
to activate the transcription of the target gene. The transcription factors bind to the 
decoys instead of the promoter of the faulty gene, which reduces the transcription of the 
target gene, lowering expression. Additionally, single stranded DNA oligonucleotides 
have been used to direct a single base change within a mutant gene. The oligonucleotide 
is designed to anneal with complementarity to the target gene with the exception of a 
central base, the target base, which serves as the template base for repair. This technique 
is referred to as oligonucleotide mediated gene repair, targeted gene repair, or targeted 
nucleotide alteration. 

Lipoplexes and polyplexes 

To improve the delivery of the new DNA into the cell, the DNA must be protected from 
damage and its entry into the cell must be facilitated. To this end new molecules, 
lipoplexes and polyplexes, have been created that have the ability to protect the DNA 
from undesirable degradation during the transfection process. 

Plasmid DNA can be covered with lipids in an organized structure like a micelle or a 
liposome. When the organized structure is complexed with DNA it is called a lipoplex. 
There are three types of lipids, anionic (negatively charged), neutral, or cationic 
(positively charged). Initially, anionic and neutral lipids were used for the construction of 
lipoplexes for synthetic vectors. However, in spite of the facts that there is little toxicity 
associated with them, that they are compatible with body fluids and that there was a 
possibility of adapting them to be tissue specific; they are complicated and time 
consuming to produce so attention was turned to the cationic versions. 

Cationic lipids, due to their positive charge, were first used to condense negatively 
charged DNA molecules so as to facilitate the encapsulation of DNA into liposomes. 
Later it was found that the use of cationic lipids significantly enhanced the stability of 
lipoplexes. Also as a result of their charge, cationic liposomes interact with the cell 
membrane, endocytosis was widely believed as the major route by which cells uptake 
lipoplexes. Endosomes are formed as the results of endocytosis, however, if genes can 
not be released into cytoplasm by breaking the membrane of endosome, they will be sent 
to lysosomes where all DNA will be destroyed before they could achieve their functions. 
It was also found that although cationic lipids themselves could condense and encapsulate 
DNA into liposomes, the transfection efficiency is very low due to the lack of ability in 
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terms of “endosomal escaping”. However, when helper lipids (usually electroneutral 
lipids, such as DOPE) were added to form lipoplexes, much higher transfection efficiency 
was observed. Later on, it was figured out that certain lipids have the ability to destabilize 
endosomal membranes so as to facilitate the escape of DNA from endosome, therefore 
those lipids are called fusogenic lipids. Although cationic liposomes have been widely 
used as an alternative for gene delivery vectors, a dose dependent toxicity of cationic 
lipids were also observed which could limit their therapeutic usages. 

The most common use of lipoplexes has been in gene transfer into cancer cells, where the 
supplied genes have activated tumor suppressor control genes in the cell and decrease the 
activity of oncogenes. Recent studies have shown lipoplexes to be useful in transfecting 
respiratory epithelial cells, so they may be used for treatment of genetic respiratory 
diseases such as cystic fibrosis. 

Complexes of polymers with DNA are called polyplexes. Most polyplexes consist of 
cationic polymers and their production is regulated by ionic interactions. One large 
difference between the methods of action of polyplexes and lipoplexes is that polyplexes 
cannot release their DNA load into the cytoplasm, so to this end, co-transfection with 
endosome-lytic agents (to lyse the endosome that is made during endocytosis, the process 
by which the polyplex enters the cell) such as inactivated adenovirus must occur. 
However, this isn't always the case, polymers such as polyethylenimine have their own 
method of endosome disruption as does chitosan and trimethylchitosan. 

Dendrimers 

A dendrimer is a highly branched macromolecule with a spherical shape. The surface of 
the particle may be functionalized in many ways and many of the properties of the 
resulting construct are determined by its surface. 

In particular it is possible to construct a cationic dendrimer, i.e. one with a positive 
surface charge. When in the presence of genetic material such as DNA or RNA, charge 
complimentarity leads to a temporary association of the nucleic acid with the cationic 
dendrimer. On reaching its destination the dendrimer-nucleic acid complex is then taken 
into the cell via endocytosis. 

In recent years the benchmark for transfection agents has been cationic lipids. Limitations 
of these competing reagents have been reported to include: the lack of ability to transfect 
a number of cell types, the lack of robust active targeting capabilities, incompatibility 
with animal models, and toxicity. Dendrimers offer robust covalent construction and 
extreme control over molecule structure, and therefore size. Together these give 
compelling advantages compared to existing approaches. 

Producing dendrimers has historically been a slow and expensive process consisting of 
numerous slow reactions, an obstacle that severely curtailed their commercial 
development. The Michigan based company Dendritic Nanotechnologies discovered a 
method to produce dendrimers using kinetically driven chemistry, a process that not only 
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reduced cost by a magnitude of three, but also cut reaction time from over a month to 
several days. These new "Priostar" dendrimers can be specifically constructed to carry a 
DNA or RNA payload that transfects cells at a high efficiency with little or no toxicity. 

Hybrid methods 

Due to every method of gene transfer having shortcomings, there have been some hybrid 
methods developed that combine two or more techniques. Virosomes are one example; 
they combine liposomes with an inactivated HIV or influenza virus. This has been shown 
to have more efficient gene transfer in respiratory epithelial cells than either viral or 
liposomal methods alone. Other methods involve mixing other viral vectors with cationic 
lipids or hybridising viruses. 

Major developments in gene therapy 

1970s and earlier 

In 1972 Friedmann and Roblin authored a paper in Science titled "Gene therapy for 
human genetic disease?" They cite Rogers S for proposing "that exogenous 'good'" DNA 
be used to replace the defective DNA in those who suffer from genetic defects. They also 
cite the first attempt to perform gene therapy as [New York Times, 20 September 1970]. 

1990 

The first approved gene therapy case in the United States took place on September 14, 
1990, at the National Institute of Health. It was performed on a four year old girl named 
Ashanti DeSilva. It was a treatment for a genetic defect that left her with an Immune 
System deficiency. The effects were only temporary, but successful (Boylan 313). 

New gene therapy approach repairs errors in messenger RNA derived from defective 
genes. This technique has the potential to treat the blood disorder thalassaemia, cystic 
fibrosis, and some cancers. Researchers at Case Western Reserve University and 
Copernicus Therapeutics are able to create tiny liposomes 25 nanometers across that can 
carry therapeutic DNA through pores in the nuclear membrane. 

Sickle cell disease is successfully treated in mice. 

in 1992 Doctor Claudio Bordignon working at the Vita-Salute San Raffaele University, 
Milan, Italy performed the first procedure of gene therapy using hematopoietic stem cells 
as vectors to deliver genes intended to correct hereditary diseases. In 2002 this work led 
to the publication of the first successful gene therapy treatment for adenosine deaminase-
deficiency (SCID). The success of a multi-center trial for treating children with SCID 
(severe combined immune deficiency or "bubble boy" disease) held from 2000 and 2002 
was questioned when two of the ten children treated at the trial's Paris center developed a 
leukemia-like condition. Clinical trials were halted temporarily in 2002, but resumed 
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after regulatory review of the protocol in the United States, the United Kingdom, France, 
Italy, and Germany. 

In 1993 Andrew Gobea was born with severe combined immunodeficiency (SCID). 
Genetic screening before birth showed that he had SCID. Blood was removed from 
Andrew's placenta and umbilical cord immediately after birth, containing stem cells. The 
allele that codes for ADA was obtained and was inserted into a retrovirus. Retroviruses 
and stem cells were mixed, after which they entered and inserted the gene into the stem 
cells' chromosomes. Stem cells containing the working ADA gene were injected into 
Andrew's blood system via a vein. Injections of the ADA enzyme were also given 
weekly. For four years T-cells (white blood cells), produced by stem cells, made ADA 
enzymes using the ADA gene. After four years more treatment was needed. 

1995-2000 

The 1999 death of Jesse Gelsinger in a gene therapy experiment resulted in a significant 
setback to gene therapy research in the United States. The pivotal event resulted in the 
FDA's suspension of several clinical trials as ethical and procedural practices in the field 
were reevaluated. 

2001-2005 

In 2003 a University of California, Los Angeles research team inserted genes into the 
brain using liposomes coated in a polymer called polyethylene glycol. The transfer of 
genes into the brain is a significant achievement because viral vectors are too big to get 
across the blood-brain barrier. This method has potential for treating Parkinson's disease. 

RNA interference or gene silencing may be a new way to treat Huntington's disease. 
Short pieces of double-stranded RNA (short, interfering RNAs or siRNAs) are used by 
cells to degrade RNA of a particular sequence. If a siRNA is designed to match the RNA 
copied from a faulty gene, then the abnormal protein product of that gene will not be 
produced. 

2005 to present 

Scientists at the National Institutes of Health (Bethesda, Maryland) have successfully 
treated metastatic melanoma in two patients using killer T cells genetically retargeted to 
attack the cancer cells. This study constitutes one of the first demonstrations that gene 
therapy can be effective in treating cancer. 

In March 2006 an international group of scientists announced the successful use of gene 
therapy to treat two adult patients for a disease affecting myeloid cells. The study, 
published in Nature Medicine, is believed to be the first to show that gene therapy can 
cure diseases of the myeloid system. 
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In May 2006 a team of scientists led by Dr. Luigi Naldini and Dr. Brian Brown from the 
San Raffaele Telethon Institute for Gene Therapy (HSR-TIGET) in Milan, Italy reported 
a breakthrough for gene therapy in which they developed a way to prevent the immune 
system from rejecting a newly delivered gene. Similar to organ transplantation, gene 
therapy has been plagued by the problem of immune rejection. So far, delivery of the 
'normal' gene has been difficult because the immune system recognizes the new gene as 
foreign and rejects the cells carrying it. To overcome this problem, the HSR-TIGET 
group utilized a newly uncovered network of genes regulated by molecules known as 
microRNAs. Dr. Naldini's group reasoned that they could use this natural function of 
microRNA to selectively turn off the identity of their therapeutic gene in cells of the 
immune system and prevent the gene from being found and destroyed. The researchers 
injected mice with the gene containing an immune-cell microRNA target sequence, and 
the mice did not reject the gene, as previously occurred when vectors without the 
microRNA target sequence were used. This work will have important implications for the 
treatment of hemophilia and other genetic diseases by gene therapy. 

In November 2006 Preston Nix from the University of Pennsylvania School of Medicine 
reported on VRX496, a gene-based immunotherapy for the treatment of human 
immunodeficiency virus (HIV) that uses a lentiviral vector for delivery of an antisense 
gene against the HIV envelope. In the Phase I trial enrolling five subjects with chronic 
HIV infection who had failed to respond to at least two antiretroviral regimens, a single 
intravenous infusion of autologous CD4 T cells genetically modified with VRX496 was 
safe and well tolerated. All patients had stable or decreased viral load; four of the five 
patients had stable or increased CD4 T cell counts. In addition, all five patients had stable 
or increased immune response to HIV antigens and other pathogens. This was the first 
evaluation of a lentiviral vector administered in U.S. Food and Drug Administration-
approved human clinical trials for any disease. Data from an ongoing Phase I/II clinical 
trial were presented at CROI 2009. 

On 1 May 2007 Moorfields Eye Hospital and University College London's Institute of 
Ophthalmology announced the world's first gene therapy trial for inherited retinal 
disease. The first operation was carried out on a 23 year-old British male, Robert 
Johnson, in early 2007. Leber's congenital amaurosis is an inherited blinding disease 
caused by mutations in the RPE65 gene. The results of the Moorfields/UCL trial were 
published in New England Journal of Medicine in April 2008. They researched the safety 
of the subretinal delivery of recombinant adeno associated virus (AAV) carrying RPE65 
gene, and found it yielded positive results, with patients having modest increase in vision, 
and, perhaps more importantly, no apparent side-effects. 

In September 2009, the journal Nature reported that researchers at the University of 
Washington and University of Florida were able to give trichromatic vision to squirrel 
monkeys using gene therapy, a hopeful precursor to a treatment for color blindness in 
humans. In November 2009, the journal Science reported that researchers succeeded at 
halting a fatal brain disease, adrenoleukodystrophy, using a vector derived from HIV to 
deliver the gene for the missing enzyme. 
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A paper by Komáromy et al. published in April 2010, deals with gene therapy for a form 
of achromatopsia in dogs. Achromatopsia, or complete color blindness, is presented as an 
ideal model to develop gene therapy directed to cone photoreceptors. Cone function and 
day vision have been restored for at least 33 months in two young dogs with 
achromatopsia. However, the therapy was less efficient for older dogs. 

Problems and ethics 

For the safety of gene therapy, the Weismann barrier is fundamental in the current 
thinking. Soma-to-germline feedback should therefore be impossible. However, there are 
indications that the Weissman barrier can be breached. One way it might possibly be 
breached is if the treatment were somehow misapplied and spread to the testes and 
therefore would infect the germline against the intentions of the therapy. 

Some of the problems of gene therapy include: 

• Short-lived nature of gene therapy – Before gene therapy can become a permanent 
cure for any condition, the therapeutic DNA introduced into target cells must 
remain functional and the cells containing the therapeutic DNA must be long-
lived and stable. Problems with integrating therapeutic DNA into the genome and 
the rapidly dividing nature of many cells prevent gene therapy from achieving any 
long-term benefits. Patients will have to undergo multiple rounds of gene therapy. 

• Immune response – Anytime a foreign object is introduced into human tissues, the 
immune system has evolved to attack the invader. The risk of stimulating the 
immune system in a way that reduces gene therapy effectiveness is always a 
possibility. Furthermore, the immune system's enhanced response to invaders that 
it has seen before makes it difficult for gene therapy to be repeated in patients. 

• Problems with viral vectors – Viruses, the carrier of choice in most gene therapy 
studies, present a variety of potential problems to the patient —toxicity, immune 
and inflammatory responses, and gene control and targeting issues. In addition, 
there is always the fear that the viral vector, once inside the patient, may recover 
its ability to cause disease. 

• Multigene disorders – Conditions or disorders that arise from mutations in a 
single gene are the best candidates for gene therapy. Unfortunately, some of the 
most commonly occurring disorders, such as heart disease, high blood pressure, 
Alzheimer's disease, arthritis, and diabetes, are caused by the combined effects of 
variations in many genes. Multigene or multifactorial disorders such as these 
would be especially difficult to treat effectively using gene therapy. 

• Chance of inducing a tumor (insertional mutagenesis) - If the DNA is integrated 
in the wrong place in the genome, for example in a tumor suppressor gene, it 
could induce a tumor. This has occurred in clinical trials for X-linked severe 
combined immunodeficiency (X-SCID) patients, in which hematopoietic stem 
cells were transduced with a corrective transgene using a retrovirus, and this led 
to the development of T cell leukemia in 3 of 20 patients. 

Deaths have occurred due to gene therapy, including that of Jesse Gelsinger. 
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Chapter- 10 

Genetically Modified Plant 

 

 
Genetically modified plants are plants whose DNA is modified using genetic 
engineering techniques. In most cases the aim is to introduce a new trait to the plant 
which does not occur naturally in this species. Examples include resistance to certain 
pests, diseases or environmental conditions, or the production of a certain nutrient or 
pharmaceutical agent. 

History 

 
 

Plums that have been genetically engineered to be resistant to the plum pox virus 

Some degree of natural flow of genes, often called horizontal gene transfer or lateral gene 
transfer, occurs between plant species. This is facilitated by transposons, 
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retrotransposons, proviruses and other mobile genetic elements that naturally translocate 
to new sites in a genome. They often move to new species over an evolutionary time 
scale and play a major role in dynamic changes to chromosomes during evolution. 

The introduction of foreign germplasm into common foods has been achieved by 
traditional crop breeders by artificially overcoming fertility barriers. A hybrid cereal was 
created in 1875 by crossing wheat and rye. Since then important traits have been 
introduced into wheat, including dwarfing genes and rust resistance. Plant tissue culture 
and the induction of mutations have also enabled humans to artificially alter the makeup 
of plant genomes. 

The first field trials of genetically engineered plants occurred in France and the USA in 
1986 when tobacco plants were engineered to be resistant to herbicides. In 1987 Plant 
Genetic Systems (Ghent, Belgium), founded by Marc Van Montagu and Jeff Schell, was 
the first company to develop genetically engineered (tobacco) plants with insect tolerance 
by expressing genes encoding for insecticidal proteins from Bacillus thuringiensis (Bt). 
The People’s Republic of China was the first country to allow commercialized transgenic 
plants, introducing a virus-resistant tobacco in 1992. The first genetically modified crop 
approved for sale in the U.S., in 1994, was the FlavrSavr tomato, which had a longer 
shelf life. In 1994, the European Union approved tobacco engineered to be resistant to the 
herbicide bromoxynil, making it the first commercially genetically engineered crop 
marketed 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 different transgenic crops were grown commercially on 330 million 
acres (134 million hectares) in 25 countries such as the USA, Brazil, Argentina, India, 
Canada, China, Paraguay and South Africa. 

The U.S. has adopted the technology most widely whereas Europe has very little 
genetically engineered crops with the exception of Spain where one fifth of maize grown 
is genetically engineered, and smaller amounts in five other countries. The EU had a 
formal ban on the approval of new GM crops, until it was overturned in 2006; in a 
controversial move. GM crops are now regulated by the EU. 
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Development 

 
 

Plants (Solanum chacoense) being transformed using agrobacterium 

Genetically engineered plants are generated in a laboratory by altering the genetic 
makeup, usually by adding one or more genes, of a plant's genome using genetic 
engineering techniques. Most genetically modified plants are generated by the biolistic 
method (particle gun) or by Agrobacterium tumefaciens mediated transformation. 

In the biolistic method, DNA is bound to tiny particles of gold or tungsten which are 
subsequently "shot" into plant tissue or single plant cells under high pressure. The 
accelerated particles penetrate both the cell wall and membranes. The DNA separates 
from the metal and is integrated into the plant genome inside the nucleus. This method 
has been applied successfully for many cultivated crops, especially monocots like wheat 
or maize, for which transformation using Agrobacterium tumefaciens has been less 
successful. The major disadvantage of this procedure is that serious damage can be done 
to the cellular tissue. 

Agrobacteria are natural plant parasites, and their natural ability to transfer genes is used 
for the development of genetically engineered plants. To create a suitable environment 
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for themselves, these Agrobacteria insert their genes into plant hosts, resulting in a 
proliferation of plant cells near the soil level (crown gall). The genetic information for 
tumour growth is encoded on a mobile, circular DNA fragment (plasmid). When 
Agrobacterium infects a plant, it transfers this T-DNA to a random site in the plant 
genome. When used in genetic engineering the bacterial T-DNA is removed from the 
bacterial plasmid and replaced with the desired foreign gene. The bacterium is a vector, 
enabling transportation of foreign genes into plants. This method works especially well 
for dicotyledonous plants like potatoes, tomatoes, and tobacco. Agrobacteria infection is 
less successful in crops like wheat and maize. 

Genetically modified plants have been developed commercially to improve shelf life, 
disease resistance, herbicide resistance and pest resistance. Plants engineered to tolerate 
non-biological stresses like drought, frost and nitrogen starvation or with increased 
nutritional value (e.g. Golden rice) are currently in development. Future generations of 
GM plants are intended to be suitable for harsh environments, produce increased amounts 
of nutrients or even pharmaceutical agents, or are improved for the production of 
bioenergy and biofuels. Due to high regulatory and research costs, the majority of 
genetically modified crops in agriculture consist of commodity crops, such as soybean, 
maize, cotton and rapeseed. However, commercial growing was reported in 2009 of 
smaller amounts of genetically modified sugar beet, papayas, squash (zucchini), sweet 
pepper, tomatoes, petunias, carnations, roses and poplars. Recently, some research and 
development has been targeted to enhancement of crops that are locally important in 
developing countries, such as insect-resistant cowpea for Africa and insect-resistant 
brinjal (eggplant) for India. 

In research tobacco and Arabidopsis thaliana are the most genetically modified plants, 
due to well developed transformation methods, easy propagation and well studied 
genomes. They serve as model organisms for other plant species. Genetically modified 
plants have also been used for bioremediation of contaminated soils. Mercury, selenium 
and organic pollutants such as polychlorinated biphenyls (PCBs) have been removed 
from soils by transgenic plants containing genes for bacterial enzymes. 
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Types 

 
 

Transgenic maize containing a gene from the bacteria Bacillus thuringiensis 

Transgenic plants have genes inserted into them that are derived from another species. 
The inserted genes can come from species within the same kingdom (plant to plant) or 
between kingdoms (bacteria to plant). In many cases the inserted DNA has to be 
modified slightly in order to correctly and efficiently express in the host organism. 
Transgenic plants are used to express proteins like the cry toxins from Bacillus 
thuringiensis, herbicide resistant genes and antigens for vaccinations 

Cisgenic plants are made using genes found within the same species or a closely related 
one, where conventional plant breeding can occur. Some breeders and scientists argue 
that cisgenic modification is useful for plants that are difficult to crossbreed by 
conventional means (such as potatoes), and that plants in the cisgenic category should not 
require the same level of legal regulation as other genetically modified organisms. 

In research plants are engineered to help discover the functions of certain genes. One way 
to do this is to knock out the gene of interest and see what phenotype develops. Another 
strategy is to attach the gene to a strong promoter and see what happens when it is over 
expressed. A common technique used to find out where the gene is expressed is to attach 
it to GUS or a similar reporter gene that allows visualisation of the location. 



_________________WORLD TECHNOLOGIES_________________

WT

The first commercialised genetically modified plants (Flavr Savr tomatoes) used RNAi 
technology, where the inserted DNA matched an endogenous gene already in the plant. 
When the inserted gene is expressed it can repress the translation of the endogenous 
protein. Host delivered RNAi systems are being developed, where the plant will express 
RNA that will interfere with insects, nematodes and other parasites protein synthesis. 
This may provide a novel way of protecting plants from pests. 

Regulation of transgenic plants 

In the United States the Coordinated Framework for Regulation of Biotechnology 
governs the regulation of transgenic organisms, including plants. The three agencies 
involved are: 

• USDA Animal and Plant Health Inspection Service - who state that 

The Biotechnology Regulatory Services (BRS) program of the U.S. Department of 
Agriculture’s (USDA) Animal and Plant Health Inspection Service (APHIS) is 
responsible for regulating the introduction (importation, interstate movement, and field 
release) of genetically engineered (GE) organisms that may pose a plant pest risk. BRS 
exercises this authority through APHIS regulations in Title 7, Code of Federal 
Regulations, Part 340 under the Plant Protection Act of 2000. APHIS protects agriculture 
and the environment by ensuring that biotechnology is developed and used in a safe 
manner. Through a strong regulatory framework, BRS ensures the safe and confined 
introduction of new GE plants with significant safeguards to prevent the accidental 
release of any GE material. APHIS has regulated the biotechnology industry since 1987 
and has authorized more than 10,000 field tests of GE organisms. In order to emphasize 
the importance of the program, APHIS established BRS in August 2002 by combining 
units within the agency that dealt with the regulation of biotechnology. Biotechnology, 
Federal Regulation, and the U.S. Department of Agriculture, February 2006, USDA-
APHIS Fact Sheet 

• United States Environmental Protection Agency - evaluates potential 
environmental impacts, especially for genes which encode for pesticide 
production 

• DHHS, Food and Drug Administration (FDA) - evaluates human health risk if the 
plant is intended for human consumption 

Biosafety 

Genetically modified plants can spread the trans gene to other plants or – theoretically – 
even to bacteria. Depending on the transgene, this may pose a threat to the environment 
by changing the composition of the local ecosystem. Therefore, in most countries 
environmental studies are required prior to the approval of a GM plants for commercial 
purposes, and a monitoring plan must be presented to identify potential effects which 
have not been anticipated prior to the approval. 
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Little research has been conducted on human and animal health. However, in most 
countries every GM plant is tested in feeding trials to prove its safety, before it is 
approved for use and marketing. The project GMO-Safety collects and presents biosafety 
research on GMOs with more in-depth information on this topic. 

The potential impact on nearby ecosystems is one of the greatest concerns associated 
with transgenic plants. 

Transgenes have the potential for significant ecological impact if the plants can increase 
in frequency and persist in natural populations. These concerns are similar to those 
surrounding conventionally bred plant breeds. Several risk factors should be considered: 

• Is the transgenic plant capable of growing outside a cultivated area? 
• Can the transgenic plant pass its genes to a local wild species, and are the 

offspring also fertile? 
• Does the introduction of the transgene confer a selective advantage to the plant or 

to hybrids in the wild? 

Many domesticated plants can mate and hybridise with wild relatives when they are 
grown in proximity, and whatever genes the cultivated plant had can then be passed to the 
hybrid. This applies equally to transgenic plants and conventionally bred plants, as in 
either case there are advantageous genes that may have negative consequences to an 
ecosystem upon release. This is normally not a significant concern, despite fears over 
'mutant superweeds' overgrowing local wildlife: although hybrid plants are far from 
uncommon, in most cases these hybrids are not fertile due to polyploidy, and will not 
multiply or persist long after the original domestic plant is removed from the 
environment. However, this does not negate the possibility of a negative impact. 

In some cases, the pollen from a domestic plant may travel many miles on the wind 
before fertilising another plant. This can make it difficult to assess the potential harm of 
crossbreeding; many of the relevant hybrids are far away from the test site. Among the 
solutions under study for this concern are systems designed to prevent transfer of 
transgenes, such as Terminator Technology, and the genetic transformation of the 
chloroplast only, so that only the seed of the transgenic plant would bear the transgene. 
With regard to the former, there is some controversy that the technologies may be 
inequitable and might force dependence upon producers for valid seed in the case of poor 
farmers, whereas the latter has no such concern but has technical constraints that still 
need to be overcome. Solutions are being developed by EU funded research programmes 
such as Co-Extra and Transcontainer. 

There are at least three possible avenues of hybridization leading to escape of a 
transgene: 

• Hybridization with non-transgenic crop plants of the same species and variety. 
• Hybridization with wild plants of the same species. 
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• Hybridization with wild plants of closely related species, usually of the same 
genus. 

However, there are a number of factors which must be present for hybrids to be created. 

• The transgenic plants must be close enough to the wild species for the pollen to 
reach the wild plants. 

• The wild and transgenic plants must flower at the same time. 
• The wild and transgenic plants must be genetically compatible. 

In order to persist, these hybrid offspring: 

• Must be viable, and fertile. 
• Must carry the transgene. 

Studies suggest that a possible escape route for transgenic plants will be through 
hybridization with wild plants of related species. 

1. It is known that some crop plants have been found to hybridize with wild 
counterparts. 

2. It is understood, as a basic part of population genetics, that the spread of a 
transgene in a wild population will be directly related to the fitness effects of the 
gene in addition to the rate of influx of the gene to the population. Advantageous 
genes will spread rapidly, neutral genes will spread with genetic drift, and 
disadvantageous genes will only spread if there is a constant influx. 

3. The ecological effects of transgenes are not known, but it is generally accepted 
that only genes which improve fitness in relation to abiotic factors would give 
hybrid plants sufficient advantages to become weedy or invasive. Abiotic factors 
are parts of the ecosystem which are not alive, such as climate, salt and mineral 
content, and temperature. Genes improving fitness in relation to biotic factors 
could disturb the (sometimes fragile) balance of an ecosystem. For instance, a 
wild plant receiving a pest resistance gene from a transgenic plant might become 
resistant to one of its natural pests, say, a beetle. This could allow the plant to 
increase in frequency, while at the same time animals higher up in the food chain, 
which are at least partly dependent on that beetle as food source, might decrease 
in abundance. However, the exact consequences of a transgene with a selective 
advantage in the natural environment are almost impossible to predict reliably. 

It is also important to refer to the demanding actions that government of developing 
countries had been building up among the last decades. 

Agricultural impact of transgenic plants 

Outcrossing of transgenic plants not only poses potential environmental risks, it may also 
trouble farmers and food producers. Many countries have different legislations for 
transgenic and conventional plants as well as the derived food and feed, and consumers 
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demand the freedom of choice to buy GM-derived or conventional products. Therefore, 
farmers and producers must separate both production chains. This requires coexistence 
measures on the field level as well as traceability measures throughout the whole food 
and feed processing chain. Research projects such as Co-Extra, SIGMEA and 
Transcontainer investigate how farmers can avoid outcrossing and mixing of transgenic 
and non-transgenic crops, and how processors can ensure and verify the separation of 
both production chains. 

Coexistence and traceability 

In many countries, and especially in the European Union, consumers demand the choice 
between foods derived from GM plants, conventionally or organically produced plants. 
This requires a labelling system as well as the reliable separation of GM and non-GM 
crops at field level and throughout the whole production chain. 

Research has demonstrated, that coexistence can be realised by several agricultural 
measures, such as isolation distances or biological containment strategies. 

For traceability, the OECD has introduced a "unique identifier" which is given to any 
GMO when it is approved. This unique identifier must be forwarded at every stage of 
processing. 

Many countries have established labelling regulations and guidelines on coexistence and 
traceability. Research projects like Co-Extra, SIGMEA and Transcontainer are aimed at 
investigating improved methods for ensuring coexistence and providing stakeholders the 
tools required for the implementation of coexistence and traceability. 
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Chapter- 11 

Genetic Enhancement 

 

 
Genetic enhancement refers to the use of genetic engineering to modify a person's 
nonpathological human traits. In contrast, gene therapy involves using genetic 
engineering to alter defective genes or insert corrected genes into the body in order to 
treat a disease. 

Enhancement versus therapy 

There is no clear distinction between genetic enhancement and gene therapy. However, 
whether a genetic modification procedure is deemed to be one of enhancement or therapy 
could affect its degree of accessibility, as therapeutic procedures are more likely to be 
covered by insurance. 

One approach to distinguishing between the two is to classify any improvement beyond 
that which is “natural” as an enhancement. “Enhancement” would then include 
preventive measures such as vaccines, which strengthen one’s immune system to a point 
beyond that which would be achieved “naturally.” 

Another approach is to consider therapy as encompassing any process aimed at 
preserving or restoring “normal” functions, while anything that improves a function 
beyond that which is “normal” would be considered an enhancement. This, however, 
would require “normal” to be defined, which only frustrates the clarification of 
enhancement versus therapy. 

Yet another way to distinguish between therapy and enhancement might rely on the goal 
of the genetic alteration. But the classification of the goal will necessarily depend on how 
“disease” or “normal” is defined. 

Genetic enhancement in humans 

If genetic enhancement is defined such that it includes drugs that are made with genetic 
knowledge or using rDNA techniques, then forms of genetic enhancement are already in 
use. Parents seek human growth hormone for their healthy, non-growth hormone 
deficient short children in hopes of improving the children’s self-esteem. Some athletes 
use erythropoietin, a hormone that regulates red blood cell production, in efforts to 
improve their performance. 



_________________WORLD TECHNOLOGIES_________________

WT

Using the results of genetic tests to make reproductive decisions based on non-disease 
traits could be considered to be a form of passive genetic enhancement. Those seeking to 
create an “enhanced” child could simply turn down potential mates who do not exhibit 
the desired advantages. Likewise, selectively aborting fetuses after performing an in utero 
test could be categorized as a type of enhancement technique. 

Gene transfer experiments in animals have so far failed to produce results that would 
justify performing gene transfer in humans; however, gene transfer techniques may 
eventually be used for enhancement purposes. Gene transfer can be used to modify either 
somatic or germ-line cells Gene transfer approaches involving the early embryo are 
presently far more effective than somatic cell gene therapy methodologies, which may 
result in “random integration of donor DNA, a lack of control of the number of gene 
copies inserted, significant rearrangements of host genetic material, and a five to ten 
percent frequency of insertional mutagenesis.” In general, however, the use of gene 
transfer techniques to modify a phenotypic trait will likely be unsuccessful. Hundreds of 
genes may play a role in any expressed phenotype; and gene transfer attempts to modify 
only specific loci in isolation. 

Somatic gene transfer will not result in a heritable genetic modification. Germ-line gene 
transfer, on the other hand, will produce transmittable genomic changes. 

Concerns regarding genetic enhancement 

A number of concerns are raised by genetic enhancement. The concerns are based on 
ideas of equality and fairness, as well as philosophical and religious arguments. 

The Undermining of the Principle of Social Equality 

An issue that arises in the context of genetic enhancement is the provision of equal access 
to genetic enhancement technologies. The high cost of genetic enhancement could 
prevent all but the wealthy from gaining access to enhancement procedures. Wealth-
based genetic enhancement could create a social hierarchy, with those who can afford 
enhancement gaining power over the unenhanced. If individuals are enhanced by the use 
of germ line modifications, then the enhancements will be passed on to offspring, who 
would then pass the enhanced genes to their offspring, and so on. This would create a 
division between those who are enhanced and those who are not. To the extent that the 
enhancements made individuals more successful, enhanced individuals would likely gain 
power over those who cannot afford enhancement procedures. 

The creation of an unfair advantage 

Distributive justice notions issues would arise, as the net effect of genetic enhancement 
procedures felt by those who could afford such procedures would likely be less than the 
benefit that would be perceived by those who cannot afford genetic enhancement 
procedures. The costs associated with the procedures would make it difficult to provide 
access to those who are naturally the least advantaged. 
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Evolutionary concerns 

There is some concern that genetic enhancement could affect human evolution. In 
response, geneticists have pointed out that human evolution will likely be unaffected, 
because evolution results from a nonrandom change in allelic frequencies due to selective 
pressure. Individuals with certain patterns of alleles are favored reproductively, so any 
introduction of new alleles by gene transfer would have a negligible effect on the species. 

Additionally, it is not clear that the phenotypes of genetically enhanced individuals would 
be those that lend themselves to greater reproductive success. 

Furthermore, any genetic modification that does not affect germ cells will not be 
transmitted to offspring. On a related note, regardless of whether the enhanced genes 
themselves are actually passed on, evolution in memes may occur if genetic modification 
of parents improved the unmodified offspring's fitness and propagated the behavioral 
tendency to genetic enhancement. 

Philosophical or religious objections 

Some critics have raised arguments against genetic enhancement based on the idea that 
humans engaging in genetic enhancement would be overstepping their bounds by 
“playing God” and intervening in fundamental biological processes. 

Genetic enhancement procedures may result in a reduction in the general feeling of social 
solidarity or goodwill. Assuming that people recognize that their talents that contributed 
to their successes are due to a “gift” of good genes rather than hard work, they may feel 
obligated to share the rewards of their genetic gifts with those less fortunate. People may 
be less likely to share the benefits of their genetic advantages, however, if they no longer 
attribute their talents and successes to good fortune. On the other hand, the behaviors of 
genetically enhanced humans may be unpredictable. Individuals may even become 
misanthropic due to the feeling that they are mutants that were created in a test tube. It is 
hypothesized that watching movies such as Gattaca or Frankenstein may result in 
depression among genetically enhanced humans. 

Regulating access to genetic enhancement 

In general, most countries do not regulate the ability of those who are naturally talented 
to further enhance certain characteristics. People who naturally excel at sports, for 
example, are not prohibited from training and further improving their athletic abilities; 
and children with above average capacities for learning are routinely placed in honors or 
accelerated academic programs. Perhaps because such inequalities are perceived as being 
the result of innate talents or abilities, we are willing to tolerate these differences. 

Genetic enhancement is considered morally contentious, however, and access to 
enhancement procedures will likely be regulated. Possible regulatory schemes include a 
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complete ban of genetic enhancement, provision of genetic enhancement procedures to 
everyone, or a system of professional self-regulation. 

Banning all genetic enhancement procedures would keep wealthy people from using 
genetic enhancements to gain power over unenhanced individuals; however, preventing 
individuals from illegally obtaining genetic enhancements may be difficult. Preventing 
people from engaging activities that they would otherwise pursue would also raise issues 
of fairness. 

Making genetic enhancement procedures available to everyone might be the most fair, 
but it could also be extremely costly; and some individuals would inevitably choose not 
to undergo enhancement procedures. Hence, this regulatory scheme could result in the 
same classes of enhanced and unenhanced individuals that would be expected if there 
were no regulation. 

Perhaps the most practical regulatory approach is the self-regulation of health 
professionals. The American Medical Association’s Council on Ethical and Judicial 
Affairs has stated that “genetic interventions to enhance traits should be considered 
permissible only in severely restricted situations: (1) clear and meaningful benefits to the 
fetus or child; (2) no trade-off with other characteristics or traits; and (3) equal access to 
the genetic technology, irrespective of income or other socioeconomic characteristics.” 
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Chapter- 12 

Molecular Farming and Somatic Fusion 

 

 

Molecular farming 
Molecular farming (also known as molecular pharming or biopharming) is the use of 
genetically engineered crops to produce compounds with therapeutic value. These crops 
will become biological factories used to generate drugs and other difficult or expensive 
products. The term pharming can be used to describe plant derived pharmaceuticals, but 
it is more commonly used for products engineered in animals. The issue of genetically 
modified crops has been around for a number of years and continues to be a controversial 
subject. 

History 

The first recombinant plant-derived pharmaceutical protein (PDP) was human serum 
albumin, initially produced in 1990 in transgenic tobacco and potato plants. Fifteen years 
on, the first technical proteins produced in transgenic plants are on the market, and proof 
of concept has been established for the production of many therapeutic proteins, 
including antibodies, blood products, cytokines, growth factors, hormones, recombinant 
enzymes and human and veterinary vaccines. Furthermore, several PDP products for the 
treatment of human diseases are approaching commercialization, including recombinant 
gastric lipase for the treatment of cystic fibrosis, and antibodies for the prevention of 
dental caries and the treatment of non-Hodgkin's lymphoma. There are also several 
veterinary vaccines in the pipeline; Dow AgroSciences announced recently their intention 
to produce plant-based vaccines for the animal health industry. 

Overview 

Plant molecular farming uses genetic engineering to produce substances for a variety of 
uses. Potential products include the development of antigens for vaccines that might be 
mass-produced in plants such as corn and used to fight such diseases as cancer and 
diabetes. 
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Advantages 

Plants do not carry pathogens that might be dangerous to human health. Additionally, on 
the level of pharmacologically active proteins, there are no proteins in plants that are 
similar to human proteins. On the other hand, plants are still sufficiently closely related to 
animals and humans that they are able to correctly process and configure both animal and 
human proteins. Their seeds and fruits also provide sterile packaging containers for the 
valuable therapeutics and guarantee a certain storage life. 

Global demand for pharmaceuticals is at unprecedented levels, and current production 
capacity will soon be overwhelmed. Expanding the existing microbial systems, although 
feasible for some therapeutic products, is not a satisfactory option on several grounds. 
First, it would be very expensive for the pharmaceutical companies. Second, other 
proteins of interest are too complex to be made by microbial systems. These proteins are 
currently being produced in animal cell cultures, but the resulting product is often 
prohibitively expensive for many patients. Finally, although it is theoretically possible to 
synthesize protein molecules by machine, this works only for very small molecules, less 
than 30 amino acid residue in length. Virtually all proteins of therapeutic value are larger 
than this and require live cells to produce them. For these reasons, science has been 
exploring other options for producing proteins of therapeutic value. 

Disadvantages 

 
 

Moss photobioreactor with Physcomitrella patens 
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While molecular farming is one application of genetic engineering, there are concerns 
that are unique to it. In the case of genetically modified (GM) foods, concerns focus on 
the safety of the food for human consumption. In response, it has been argued that the 
genes that enhance a crop in some way, such as drought resistance or pesticide resistance, 
are not believed to affect the food itself. Other GM foods in development, such as fruits 
designed to ripen faster or grow larger, are believed not to affect humans any differently 
from non-GM varieties. 

In contrast, molecular farming is not intended for crops destined for the food chain. It 
produces plants that contain physiologically active compounds that accumulate in the 
plant’s tissues. Considerable attention is focused, therefore, on the restraint and caution 
necessary to protect both consumer health and environmental biodiversity. 

There are also problems associated with the use of plants as protein bioreactors. Plant 
proteins have different sugar residues from human or animal proteins. Freiburg-based 
greenovation Biotech GmbH, in cooperation with Professor Ralf Reski’s research group 
at the University of Freiburg, has shown that this problem can be solved through the use 
of Physcomitrella patens. Because the scientists cultivate the moss in tube-shaped 
photobioreactors in a liquid medium, they have no worries that the genetically modified 
mosses might be released into the environment. 

Controversy 

The fact that the plants are used to produce drugs is alarming activists. They worry that 
once production begins, the altered plants might find their way into the food supply or 
cross-pollinate with clean crops. Concern arose last year after GMO corn produced by 
StarLink accidentally ended up in commercial food products. No products produced by 
plant molecular farming were available in the emerging market,until the first ones were 
launch around 2006. Today Molecular Farming is considered "big business". According 
to the Canadian Food Inspection Agency, in a recent report, says that U.S. demand alone 
for biotech pharmaceuticals is expanding at 13 percent annually and to reach a market 
value of $28.6 billion in 2004. Molecular Farming is expected to be worth $100 billion 
globally by 2020. 
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Somatic fusion 

 
 
Fused protoplast (left) with chloroplasts (from a leaf cell) and coloured vacuole (from a 
petal). 

Somatic fusion, also called protoplast fusion, is a type of genetic modification in plants 
by which two distinct species of plants are fused together to form a new hybrid plant with 
the characteristics of both, a somatic hybrid. Hybrids have been produced either between 
the different varieties of the same species (e.g. between non-flowering potato plants and 
flowering potato plants) or between two different species (e.g. between wheat triticum 
and rye secale to produce Triticale). 

Uses of somatic fusion include making potato plants resistant to potato leaf roll disease. 
Through somatic fusion, the crop potato plant Solanum tuberosum – the yield of which is 
severely reduced by a viral disease transmitted on by the aphid vector – is fused with the 
wild, non-tuber-bearing potato Solanum brevidens, which is resistant to the disease. The 
resulting hybrid has the chromosomes of both plants and is thus similar to polyploid 
plants. 

Process for plant cells 

The somatic fusion process occurs in four steps: 
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1. The removal of the cell wall of one cell of each type of plant using cellulase 
enzyme to produce a somatic cell called a protoplast 

2. The cells are then fused using either an electric shock (electrofusion) to join the 
cells and the nuclei fused together or by chemical treatment. The resulting fused 
nucleus is called heterokaryon. 

3. The somatic hybrid cell then has its cell wall induced to form using hormones 
4. The cells are then grown into calluses which then are further grown to plantlets 

and finally to a full plant, known as a somatic hybrid. 

Different from the procedure for seed plants describe above, fusion of moss protoplasts 
can be initiated without electric shock but by the use of polyethylene glycol (PEG). 
Further, moss protoplasts do not need phytohormones for regeneration, and they do not 
form a callus. Instead, regenerating moss protoplasts behave like germinating moss 
spores. Of further note sodium nitrate and calcium ion at high pH can be used, although 
results are variable depending on the organism. 

Applications in animal cells 

Somatic cells of different types can be fused to obtain hybrid cells. Hybrid cells are 
useful in a variety of ways, e.g., 

(i) to study the control of cell division and gene expression, 

(ii) to investigate malignant transformations, 

(iii) to obtain viral replication, 

(iv) for gene or chromosome mapping and for 

(v) production of monoclonal antibodies by producing hybridoma (hybrid cells between 
an immortalised cell and an antibody producing lymphocyte), etc. 

Chromosome mapping through somatic cell hybridization is essentially based on fusion 
of human and mouse somatic cells. Generally, human fibrocytes or leucocytes are fused 
with mouse continuous cell lines. 

When human and mouse cells (or cells of any two mammalian species or of the same 
species) are mixed, spontaneous cell fusion occurs at a very low rate (10-6). Cell fusion is 
enhanced 100 to 1000 times by the addition of ultraviolet inactivated Sendai 
(parainfluenza) virus or polyethylene glycol (PEG). 

These agents adhere to the plasma membranes of cells and alter their properties in such a 
way that facilitates their fusion. Fusion of two cells produces a heterokaryon, i.e., a single 
hybrid cell with two nuclei, one from each of the cells entering fusion. Subsequently, the 
two nuclei also fuse to yield a hybrid cell with a single nucleus. 
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A generalized scheme for somatic cell hybridization may be described as follows. 
Appropriate human and mouse cells are selected and mixed together in the presence of 
inactivated Sendai virus or PEG to promote cell fusion. After a period of time, the cells (a 
mixture of man, mouse and 'hybrid' cells) are plated on a selective medium, e.g., HAT 
medium, which allows the multiplication of hybrid cells only. 

Several clones (each derived from a single hybrid cell) of the hybrid cells are thus 
isolated and subjected to both cytogenetic and appropriate biochemical analyses for the 
detection of enzyme/ protein/trait under investigation. An attempt is now made to 
correlate the presence and absence of the trait with the presence and absence of a human 
chromosome in the hybrid clones. 

If there is a perfect correlation between the presence and absence of a human 
chromosome and that of a trait in the hybrid clones, the gene governing the trait is taken 
to be located in the concerned chromosome. 

The HAT medium is one of the several selective media used for the selection of hybrid 
cells. This medium is supplemented with hypoxanthine, aminopterin and thymidine, 
hence the name HAT medium. Antimetabolite aminopterin blocks the cellular 
biosynthesis of purines and pyrimidines from simple sugars and amino acids. 

However, normal human and mouse cells can still multiply as they can utilize 
hypoxanthine and thymidine present in the medium through a salvage pathway, which 
ordinarily recycles the purines and pyrimidines produced from degradation of nucleic 
acids. 

Hypoxanthine is converted into guanine by the enzyme hypoxanthine-guanine 
phosphoribosyltransferase (HGPRT), while thymidine is phosphorylated by thymidine 
kinase (TK); both HGPRT and TK are enzymes of the salvage pathway. 

On a HAT medium, only those cells that have active HGPRT (HGPRT+) and TK (TK+) 
enzymes can proliferate, while those deficient in these enzymes (HGPRr- and/or TK-) 
can not divide (since they cannot produce purines and pyrimidines due to the aminopterin 
present in the HAT medium). 

For using HAT medium as a selective agent, human cells used for fusion must be 
deficient for either the enzyme HGPRT or TK, while mouse cells must be deficient for 
the other enzyme of this pair. Thus, one may fuse HGPRT deficient human cells 
(designated as TK+ HGPRr-) with TK deficient mouse cells (denoted as TK- HGPRT+). 

Their fusion products (hybrid cells) will be TK+ (due to the human gene) and HGPRT+ 
(due to the mouse gene) and will multiply on the HAT medium, while the man and 
mouse cells will fail to do so. Experiments with other selective media can be planned in a 
similar fashion. 
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Characteristics of Somatic Hybridization and Cybridization 

1. Somatic cell fusion appears to be the only means through which two different parental 
genomes can be recombined among plants that cannot reproduce sexually (asexual or 
sterile). 

2. Protoplasts of sexually sterile (haploid, triploid, and aneuploid) plants can be fused to 
produce fertile diploids and polyploids. 

3. Somatic cell fusion overcomes sexual incompatibility barriers. In some cases somatic 
hybrids between two incompatible plants have also found application in industry or 
agriculture. 

4. Somatic cell fusion is useful in the study of cytoplasmic genes and their activities and 
this information can be applied in plant breeding experiments. 

Inter-specific and inter-generic fusion achievements 
Cross Crossed with 

Oat Maize 
Brassica sinensis B. oleracea 
Torrentia fourneri T. bailloni 
Brassica oleracea B. campestris 
Datura innoxia Atropa belladonna 
Nicotiana tabacum N. glutinosa 
Datura innoxia D. candida 
Arabidopsis thaliana Brassica campestris 
Petunia hybrida Vicia faba 

Table: Reference #5 Note: The table only lists a few examples, there are many more 
crosses. The possibilities of this technology are great, however, not all species are easily 
put into protoplast culture 
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