Genetic engineering
Recent advances in molecular biology mean that we can manipulate genes to our advantage. We can isolate specific genes or gene sequences and transfer them between organisms of the same species, or even between organisms of different species.  For example, we can identify a gene that causes a disease, with the hope of removing the faulty gene and replacing it with a healthy gene. There are, however, many concerns about the long-term effects of artificially altering DNA in organisms. These organisms are referred to as genetically modified organisms. Genetic engineering refers to the scientific process of manipulating genetic material. It involves altering, replacing or transferring genes from one organism to another for some specific purpose. Usually, genes are transferred to impart some characteristic of the source organism to the target organism.
In genetic engineering, a gene of interest is first identified and isolated from the thousands of genes an organism may have. The isolated gene is then cut from its source DNA molecule with restriction enzymes and, using a vector virus or bacterium carrier, is transferred or blasted (with a gene gun) into a target DNA molecule.

Restriction enzymes, also called restriction endonucleases, are enzymes that cut DNA at a specific nucleotide sequence. Restriction enzymes are usually found in bacteria. They are extracted from them for use in genetic engineering.

Vectors are genetic sequences derived from viruses or bacteria. They are used to move genes into the target cell. A gene gun is a machine that offers one way of getting genetic material into cells.

So now the source gene is transferred. However, most organisms have defence mechanisms to prevent foreign genes from affecting them. They can stop a foreign gene by blocking its ability to express itself. This is known as gene silencing. To get around gene silencing, a promoter gene is added. It promotes the source gene in the target DNA and makes it more acceptable to the host cell.

Uses of genetic engineering
Genetic engineering has produced a variety of drugs and hormones for medical use. For example, one of the earliest uses of genetic engineering in pharmaceuticals was gene splicing to manufacture large amounts of insulin, made using cells of E. coli bacteria. Interferon, which is used to eliminate certain viruses and kill cancer cells, also is a product of genetic engineering, as are tissue plasminogen activator and urokinase, which are used to dissolve blood clots. Another by-product is a type of human growth hormone; it's used to treat dwarfism and is produced through genetically engineered bacteria and yeasts.

The evolving field of gene therapy involves manipulating human genes to treat or cure genetic diseases and disorders. Modified plasmids or viruses often are the messengers to deliver genetic material to the body's cells, resulting in the production of substances that should correct the illness. Sometimes cells are genetically altered inside the body; other times scientists modify them in the laboratory and return them to the patient's body. Since the 1990s, gene therapy has been used in clinical trials to treat diseases and conditions such as AIDS, cystic fibrosis, cancer and high cholesterol.

The scope of recombinant DNA technology is not restricted to the field of medicine. In agriculture, it is now possible to transfer genes which produce toxins with insecticidal properties from bacteria to higher plants such as potatoes and cotton. In this way these plants have built-in resistance to certain insect pests.
It may also prove possible to transfer genes from nitrogen-fixing bacteria to cereal crops, to enable them to fix their own nitrogen. There would then be less need to apply expensive nitrogen fertilisers thus reducing the pollution problems of ‘run-off’.

Recombinant DNA technology
Modern methods of creating new combinations of genes are commonly known as genetic engineering. However, scientists often refer to the methods as recombinant DNA technology – which describes how new combinations of genetic material are produced by artificially copying a piece of DNA from one organism (the donor) and joining (or recombining) this copy with the circular DNA (plasmid) in a bacterium (the host).
To create new gene combinations, genetic engineers must be able to:

· Locate a specific gene in a donor cell

· Isolate this gene in a piece of donor DNA

· Modify the donor DNA in a highly selective way

· Transfer the modified donor DNA into host cells in such a way that the gene will be expressed strongly enough to be of practical use

Insulin production
One of the most common molecules to be produced on a large scale using genetic engineering techniques is insulin, by the following process:

1. Isolating the gene from a donor DNA molecule

Insulin is a small protein. The gene coding for insulin is located using a gene probe and then isolated from the rest of the DNA in a human cell. An enzyme called restriction endonuclease is used to cut the DNA into small pieces allowing individual genes to be isolated. The enzyme cuts DNA between specific base sequences which the enzyme recognises. Most restriction enzymes split the strand in a staggered sequence. The unpaired bases at the cut form sticky ends.

2. Inserting the gene into a vector

To get the gene into a bacterium a go-between or vector is used. The vector in this process is a plasmid (circular DNA found in a bacterium) from E.coli. To obtain the plasmids the bacteria containing them are treated to dissolve their cell walls and the plasmids are separated from the cell remains. The plasmid is cut using the same enzyme, restriction endonuclease. Once again, sticky ends are formed, allowing the donor DNA to be spliced into the vector DNA when the donor and vector DNA are mixed. The sticky ends are complementary to each other, and can be joined together using DNA ligases. The DNA created is called recombinant DNA.
3. Marker genes

Marker genes that confer antibiotic resistance are included in the recombinant DNA forming the plasmids. When the bacteria and plasmids are mixed together, only a small proportion of the bacteria take up the plasmids. If the bacteria are then cultured on a growth medium treated with antibiotic, only those containing the plasmid with the marker will survive. The foreign DNA replicates along with the rest of the plasmid every time the bacterial cell divides.  Cloning of the recombinant-containing bacteria results in the production of multiple copies of the recombinant gene.
4. Manufacture and advantages

The genetically modified bacteria are cultured on a large scale using a fermenter and produce insulin which is then separated and purified. Thus, human insulin can be used instead of extracting insulin from animals. Also large quantities of product are produced quickly and relatively cheaply.
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Reverse transcription
Locating the correct piece of DNA is not easy as the cell contains only two copies of the DNA. Cells that produce large amounts of a particular polypeptide will have large amounts of mRNA for that polypeptide. If this mRNA can be isolated, its complementary DNA (cDNA) can be synthesised from it by a process called reverse transcription. This process is the reverse of normal transcription because the mRNA acts as a template for DNA synthesis.
Reverse transcription requires DNA nucleotides and enzymes called reverse transcriptases. Reverse transcriptases were first obtained from retroviruses, which contain RNA. These viruses use reverse transcriptases to copy their RNA into DNA in the host cell. After the mRNA has been copied into its cDNA, the mRNA is removed and a second strand of DNA is made by adding the enzyme DNA polymerase and more DNA nucleotides. The result is a double-stranded DNA molecule identical to the original DNA molecule.
The advantages and disadvantages of genetic engineering

Advantages 

· Disease could be prevented by detecting people/plants/animals that are genetically prone to certain hereditary diseases, and preparing for the inevitable. Also, infectious diseases can be treated by implanting genes that code for antiviral proteins specific to each antigen. 

· Genetic Engineering could increase genetic diversity, and produce more variant alleles which could also be crossed over and implanted into other species. It is possible to alter the genetics of wheat plants to grow insulin for example. 

· Another advantage of genetic engineering is that animals and plants can be made to have desirable characteristics which could help solve some of the world's problems. For example in trees, genes could be manipulated to absorb more carbon dioxide. This would help reduce global warming, and thus solve one of the biggest problems earth faces. 

Disadvantages

· Nature is an extremely complex inter-related chain consisting of many species linked in the food chain. Some scientists believe that introducing genetically modified genes may have an irreversible effect with consequences yet unknown. 

· Genetic engineering borderlines on many moral issues, particularly involving religion, which questions whether man has the right to manipulate the laws and course of nature. 

· Another reason why people believe that using genetically modified crops and plants is a disadvantage is that they think it will increase our reliance on pesticides, which have a harmful effect on the environment. 

Genetically modified organisms
While the main applications of genetic engineering have focused on the production of molecules such as insulin, which have human health benefits, genetic engineering (or genetic modification) is also carried out in plants. Genetic engineering produces transgenic organisms, which are organisms that have had the DNA from another organism or species transferred to it. These organisms are also known as genetically modified organisms.
Transgenic plants
So far, GM crops have been grown in Britain only in tightly regulated experiments. No GM crops are yet grown commercially in the UK. Worldwide, more than eight million farmers in 16 countries grow GM crops, accounting for more than a quarter of all land under cultivation. The four main crops grown are soya beans, maize, cotton and oilseed rape.
Crops are grown in the United States of America, Argentina, Canada, China, Brazil, Australia, Bulgaria, Colombia, Honduras, India, Mexico, Romania, South Africa, Spain and Uruguay. The biggest producer is the USA.

Can GM crops harm the environment?

GM crops, like conventional crops, can influence the environment in three main ways.

They can potentially:

· cross-pollinate with related plants 

· directly affect the organisms, such as insects, that feed on them 

· change farming practices. 

These concerns are only unique to GM crops in very few cases. In many cases, conventional crops pose similar risks. For example, conventional crops can cross-pollinate their wild relatives, letting genes move between species. The environmental risks associated with GM crops depend on the trait introduced and, as with conventional farming, how well agricultural practices are regulated.

Have scientists investigated how GM crops affect wildlife?

In 1999 the government asked an independent consortium of researchers, led by NERC's Centre for Ecology & Hydrology, to compare how growing both genetically modified and conventional oilseed rape, beet and maize affected farmland wildlife. The government used the results to help decide whether to allow the GM crops to be grown commercially in the UK.

The research was called the Farm Scale Evaluations, and was the world's largest environmental impact study of genetically modified crops. It ended in 2005. Over six years, scientists monitored wildlife in 273 experimental fields. The results showed that GM sugar beet and oilseed rape, as managed in the trials, were worse for wildlife than conventional varieties, but that GM maize was better. The results were not because of the genetic modifications themselves, but because of the different weedkiller regimes. The team found that the beet and oilseed rape fields contained fewer of the weed seeds that provide food for wildlife, and they discovered fewer bees and butterflies used GM beet crops because there were fewer flowering weeds to provide nectar. 

In the trials, conventional maize supported the least plant and animal life, with fewer weeds, seeds and insects than GM maize. New research suggests that farmers could modify the weedkiller regime used on GM sugar beet crops so they can cope with more weeds than conventional varieties, which would be good for wildlife.

What is the difference between selective breeding and genetic modification?

For centuries people have changed organisms' genetic make-up by choosing individual plants and animals with particular traits, like fast growth rates or good seed production, and breeding from them. This is selective breeding and is, in a sense, similar to evolution by natural selection. During this process thousands of genes are transferred. But selective breeding happens only within closely-related species.

Genetic modification allows us to alter an organism's DNA with much greater precision - genes can be transferred or manipulated singly. Genetic modification can also overcome species barriers, allowing genes to be used in new ways. Some argue that this is inherently risky and unnecessary. 

Both selective breeding and genetic modification are useful techniques, but genetic modification can produce a wide range of characteristics that are not possible with selective breeding.

Could GM crops cause environmental problems?

It's possible that an organism modified for one purpose could have undesirable characteristics, for example by becoming invasive, toxic, or immune to its natural diseases. So GMOs must be carefully designed, screened and assessed for risks to the environment before being widely used. Genes that are known to have adverse effects are not used in GMOs. For example, a gene introduced into corn to help plants cope with corn-boring insects seemed to affect lacewings, which feed on the corn-borers. In laboratory trials, the lacewings grew slower and survived less well. This genetic modification was abandoned.

Can transferred genes escape into other plants?

If the GM plant can breed with wild relatives (hybridisation) and produce offspring that can themselves reproduce then it is possible for genes to escape into other plants. Hybrids could become a problem if they disrupt the ecological balance in the environment, for example by growing faster than their neighbours. No such effects have yet been demonstrated. Engineered genes can be genetically marked so that the frequency of gene transfers can be measured.

Environmental damage isn't inevitable just because hybrids form, but it's possible, so scientists are taking precautions. Researchers across the globe have developed measures that could help prevent hybrids, ranging from isolating GM crops, to using technology to ensure that hybrids either don't germinate or are infertile - called terminator technology. These techniques are highly effective when implemented properly. Scientists are also looking for new ways to introduce traits that restrict gene flow between crops and wild relatives, or make hybrids less able to survive.

Research published in 2010 suggests that a bacterium that is commonly used to transfer new genes into plants may also be able to pass these genes on to other organisms. If the bacteria come into contact with a particular kind of fungus at a wound in a plant's outer skin, the fungus can come away with new genes. If these help the fungus survive, they could become a permanent part of its genetic makeup. Such results show that more research is needed into the topic of gene transfer to ensure that new genetic material does not escape into the wider environment, with potentially unwelcome consequences.

Does it matter if genes do escape?

It depends on the nature of the trait given to them. Crops tolerant to droughts or high salt concentrations could become invasive and out-compete native plants if they can produce fertile offspring with their wild relatives. Plants given genes for weedkiller resistance could breed with wild relatives and produce weeds that are difficult to control on farmland. But research so far indicates that these hybrids are not strong enough to out-compete wild relatives.

Can farmers grow GM crops close to conventional crops?

The distance needed between a GM and conventional crop depends on the particular GM characteristic and the level of purity needed in the conventional crop. Research suggests that in some cases GM crops could be grown 100m from conventional crops, as cross-contamination falls steeply from the edge of the crop. European legislation sets acceptable levels of contamination based on what can be detected, rather than any evidence of risk to humans or the environment.

Will weedkiller tolerant crops support less wildlife?

If crop plants can cope with more weedkillers, farmers can cultivate fields with even fewer weeds, and this could reduce biological diversity. But this is not always true: herbicides used on conventional maize crops kill more weeds than those used with GM maize. Also, it is possible to use GM crops in farming systems that promote biodiversity.

Could GMOs spread resistance to antibiotics?

No. Scientists have sometimes introduced antibiotic resistance as well as the trait they want when developing GM plants. This is because it's an easy way to see if the genetic modification has been successful - plants that die when exposed to the antibiotic have not been genetically modified. But antibiotic resistance has to be removed before the plants are marketed. New techniques have been developed that do not require antibiotic resistance.

What are the long-term effects of GM crops on the environment?

Many of the risks people associated with GM crops are more to do with good regulation than scientific uncertainties. Genetic modification of crops and micro-organisms could lead to changes such as pesticide resistance in insects - this also happens with conventional crops and with chemical pesticides. There are methods to overcome this resistance but so far they have not been very successful. 

GM technology is a further intensification of agriculture, which has already changed and sometimes damaged the environment. Agricultural intensification is one solution to feed an expanding world population. Agriculture will have to either become more productive, or expand into new areas - which could be even more damaging to the environment. Environmental scientists believe that the way land is used across Europe will change radically in the coming years. More crops will be grown for biofuels, pharmaceuticals and plastics. Some of these crops may be genetically modified, but GM technology is only part of the bigger picture. We need to do more research to predict how the landscape and biodiversity will change.

What is the future for GM crops?

The public reaction in the UK, coupled with the results from the farm scale crop trials, means it is unlikely that GM crops will be grown in the UK in the next few years. Elsewhere, it is a different story. Farmers planted 81 million hectares (or 200 million acres) of GM crops worldwide in 2004, up from 67·7 million hectares (or 167 million acres) in 2003.
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Genetic fingerprinting
DNA fingerprinting is a term that has been bandied about in the popular media for many years. It is a technique for determining the likelihood that genetic material came from a particular individual or group. 99% of human DNA is identical between individuals, but the 1% that differs enables scientists to distinguish identity.

Not all our DNA contains useful information; in fact a large amount is said to be “non-coding” or “junk” DNA which is not translated into useful proteins. Changes often crop up within these regions of junk DNA because they make no contribution to the health or survival of the organism. But compare the situation if a change occurs within an essential gene, preventing it from working properly; the organism will be strongly disadvantaged and probably not survive, effectively removing that altered gene from the population.

For this reason, random variations crop up in the non-coding (junk) DNA sequences as often as once in every 200 DNA bases. DNA fingerprinting takes advantage of these changes and creates a visible pattern of the differences to assess similarity. Individuals acquire different sequences of this non-functional DNA. They vary in length but consist of sequences of bases, 20-40 bases long, often repeated many times. These unique lengths of non-coding DNA, known as hyper-variable regions (HVR) or short tandem repeats (STRs) are passed on to the offspring. It is the number times that these lengths of non-coding DNA are repeated that is used to show the differences between individuals.
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	In the non-coding regions of the genome, sequences of DNA are frequently repeated giving rise to so-called VNTRs - variable number tandem repeats. The number of repeats varies between different people and can be used to produce their genetic fingerprint. In the simple example shown above, person A has only 4 repeats whilst person B has 7. When their DNA is cut with the restriction enzyme Eco RI, which cuts the DNA at either end of the repeated sequence (in this example), the DNA fragment produced by B is nearly twice as big as the piece from A, as shown when the DNA is run on a gel (right). The lane marked M contains marker pieces of DNA that help us to determine the sizes. If lots of pieces of DNA are analysed in this way, a 'fingerprint' comprising DNA fragments of different sizes, unique to every individual, emerges.


Stretches of DNA can be separated from each other by cutting them up at these points of differences or by amplifying the highly variable pieces. ‘Bands’ of DNA are generated; the number of bands and their sizes give a unique profile of the DNA from whence it derived. The more genetic similarity between a person – or grape – the more similar the banding patterns will be, and the higher the probability that they are identical.

	[image: image4.jpg]



	DNA fingerprints from 6 different people, 1 in each lane (column).
DNA can be cut into shorter pieces by enzymes called "restriction endonucleases". The pieces of DNA can then be separated according to their size on a gel.
Each piece of DNA forms a band (the white lines on the gel). The smallest pieces travel the furthest and are therefore closest to the bottom of the gel. The larger pieces travel shorter distances and are closer to the top.


In terms of where we came from, DNA fingerprinting is commonly used to probe our heredity. Since people inherit the arrangement of their base pairs from their parents, comparing the banding patterns of a child and the alleged parent generates a probability of relatedness; if the two patterns are similar enough (taking into account that only half the DNA is inherited from each parent), then they are probably family. However, DNA fingerprinting cannot discriminate between identical twins since their banding patterns are the same.

DNA Fingerprinting can also tell us about present-day situations. Perhaps best known is the use of DNA fingerprinting in forensic medicine. DNA samples gathered at a crime scene can be compared with the DNA of a suspect to show whether or not he or she was present. Databases of DNA fingerprints are only available from known offenders, so it isn't yet possible to fingerprint the DNA from a crime scene and then pull out names of probable matches from the general public. But, in the future, this may happen if DNA fingerprints replace more traditional and forgeable forms of identification. In a real case, trading standards agents found that 25% of caviar is bulked up with roe from different categories, the high class equivalent of cheating the consumer by not filling the metaphorical pint glass all the way up to the top. DNA fingerprinting confirmed that the ‘suspect’ (inferior) caviar was present at the crime scene.
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	In the example shown on the left, DNA collected at the scene of a crime is compared with DNA samples collected from 4 possible suspects. The DNA has been cut up into smaller pieces which are separated on a gel. The fragments from suspect 3 match those left at the scene of the crime, betraying the guilty party.


Finally, genetic fingerprinting can help us to predict our future health. DNA fingerprinting is often used to track down the genetic basis of inherited diseases. If a particular pattern turns up time and time again in different patients, scientists can narrow down which gene(s), or at least which stretch(es) of DNA, might be involved. Since knowing the genes involved in disease susceptibility gives clues about the underlying physiology of the disorder, genetic fingerprinting aids in developing therapies. Pre-natally, it can also be used to screen parents and foetuses for the presence of inherited abnormalities, such as Huntington’s disease or muscular dystrophy, so appropriate advice can be given and precautions taken as needed.

The technique of genetic fingerprinting
The technique of genetic fingerprinting, developed by Alec Jeffreys, takes around six days and involves the following stages:

1. The DNA is separated from the sample

2. Restriction endonucleases are used to cut the DNA into sections

3. The DNA fragments are separated in agarose gel using a technique called electrophoresis
4. The fragments are transferred to a nitrocellulose (or nylon) membrane – a process called Southern Blotting (after its inventor, Professor Southern)
5. Radioactive DNA probes are used to bind to specific portions of the fragments known as the core sequences

6. The portions of DNA not bound to the radioactive probes are washed off

7. The remaining DNA still attached to the nylon membrane is placed next to a sheet of X-ray film

8. The radioactive probes on this DNA expose the film, revealing a pattern of light and dark bands when it is developed. The pattern makes up the genetic fingerprint.
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Gene amplification using polymerase chain reaction (PCR)
PCR stands for polymerase chain reaction, which is a method for amplifying segments of DNA, by generating multiple copies using DNA polymerase enzymes under controlled conditions. As little as a single copy of the DNA segment or gene can be cloned into millions of copies, allowing detection using dyes and other visualization techniques.

The process of PCR has made it possible to perform DNA sequencing and identify the order of nucleotides in individual genes. PCR techniques are applied in many areas of biotechnology including protein engineering, cloning, forensics (DNA fingerprinting) and for analysis of environmental samples.

PCR is the equivalent of semi-conservative DNA replication. The sample of DNA is dissolved in a buffer and mixed with the enzyme, DNA polymerase, nucleotides and short pieces of DNA called primers.
The stages of PCR are as follows:

1. The original DNA (target DNA) is denatured by heating to 95°C and it separates into two single strands
2. The solution is cooled to 55°C, triggering the primers to join to the complementary base sequences on each of the single strands of DNA. This in turn triggers DNA replication.

3. The solution is heated to 70°C and DNA polymerase (which is not denatured at this temperature) catalyses the synthesis of a complementary strand for each of the single strands of DNA, producing two identical double strands of DNA.

4. Steps 1-3 are repeated many times, doubling the quantity of DNA produced each time.
