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What is ‘gene cloning'?

Gene cloning can also be known as ‘recombinant DNA technology,' ‘molecular cloning,' or ‘DNA cloning' due to the fact that all these terms refer to the same process. Gene cloning is the “isolation of individual genes by generating recombinant DNA molecules which are then [reproduced] in a host cell, which produces a clone that contains a single fragment of the target DNA.” (http://www.isaaa.org/kc/inforesources acronymsandglossary/G_terms.htm). Recombinant DNA molecules are molecules which have had the target DNA fragment inserted.

Biological Concepts and Processes

Part 1 - Restriction Enzymes

Before a gene can be cloned, the DNA on which it is located must be isolated and then cut.

This can be done in two ways:

1.) The strand containing the target DNA is cut using restriction enzymes, such as restriction endonuclease. The plasmid is then cut using the same restriction enzyme. Using the same restriction enzyme ensures that the plasmid is cut in only one place, so that no previous DNA is cut out of the plasmid and it also ensures that the ‘sticky ends' of the fragments will be able to match. It is important that the restriction enzyme cuts the DNA strand as close to the desired gene as possible, so that the extra DNA sequences are not transferred to the plasmid.

2.) The other source used to isolate the desired DNA fragment is ‘complementary DNA.'

This method involves isolating messenger RNA, (which contains the gene to produce a desired protein) using the enzyme reverse transcriptase - an enzyme used by retro viruses to convert their RNA genes into DNA. (http://209.85.173.104/search?q=cache:ih_kvm9AHi0J:library.thinkquest.org/24355/data/light/details/techniques/recombinantdna.html+recombinant+DNA+techniques&hl=en&ct=clnk&cd=5) This method is effective because it ensures that there are no introns (long, non-coding regions of DNA), so there is less unnecessary DNA to be inserted into the plasmid, or makes sure that the DNA pieces are able to be wrapped up by viruses (that the pieces are not too long).

This DNA can then be inserted into a vector using restriction enzymes.

Part 2 - Vectors

Both of the above methods require vectors. “The vector acts as a vehicle that transports the gene into a host cell.” (Brown, T., (2001). Gene Cloning and DNA Analysis: An Introduction, Britain: Blackwell Publishing). There are two types of vectors: plasmids and bacteriophages (viruses that infect bacteria.) (Allen, R. et al (2008). Yr13 Biology 2008 Student Resource/Activity Book, Hamilton, NZ: Biozone International Ltd). Once the plasmid has been cut by the same restriction enzyme as the target DNA, the plasmid and fragments are placed together in a test tube, with the enzyme DNA ligase where they anneal - are joined together. This process results in the recombinant DNA molecule. In the case where the vector used is a virus; the virus simply wraps up the length of target DNA in it's protein coat. The virus then attaches onto a host cell and injects the DNA, which is taken up by the cell and proceeds to replicate it.

Part 3 - Transportation

As mentioned above, the virus injects the cell which takes up the DNA and then produces the desired protein. When a plasmid is used as a vector, the recombinant DNA molecule is inserted into a host cell, usually bacteria, by either electroporation or heat shock. “Electroporation uses mild electricity to disrupt the cell walls of the bacterium and create small holes. The plasmids are small enough to pass through the holes into the cell. Heat shock works in a similar fashion. However, rather than using electricity to create holes in the bacterium, it is done by alternating the temperature between hot and cold.” http://agbiosafety.unl.edu/education/clone.htm

Part 4 - Replication

The actual gene cloning process does not begin until the host cell with the recombinant DNA molecule is allowed to reproduce. Once the desired DNA is in a host cell, it is able to be expressed. “Within the host cell, the vector multiples, producing numerous, identical copies, not only of itself, but also the gene that it carries. When the host cell divides, copies of the recombinant DNA molecule are passed on to,” it's offspring, “and further vector replication takes place. After a number of cell divisions, a colony, or clone, of identical host cells is produced. Each cell in the clone contains one or more copies of the recombinant DNA molecule; the gene carried by the recombinant molecule is now said to be cloned.” (Brown, T., (2001). Gene Cloning and DNA Analysis: An Introduction, Britain: Blackwell Publishing).

Part 5 - Recognising and Ensuring the correct gene has been taken up

The bacteria takes up the recombinant plasmids by a process called transformation.

One method of identifying and ensuring that the host cells have taken up the desired DNA is to use antibiotic resistance marker genes. This is done by plating the bacteria with an antibiotic that attacks the cells that are not resistant, because they do not have the target gene that is taken up. The culture medium also contains a modified sugar called x-gal which turns blue. Locate the surviving bacteria that have not turned blue, these are the bacteria with the desired recombinant plasmid. Instead of using blue colouring, blot the plate and transfer the colonies onto another plate, with an antibiotic that attacks the target gene - the ones that die contain the plasmid, and so the corresponding colonies on the first plate can be used. Another method of ensuring accuracy requires that the bacteria containing the target gene are cultured and colonies are allowed to grow. “All the colonies on all the plates (cultures) are called a gene library. The gene library is then screened in order to discover which bacterial colony is making copies of the, ‘target gene'. “Library screening identifies colonies, which have that particular gene. Screening can be based on detecting the DNA sequence of the cloned gene, detecting a protein that the gene encodes, or the use of linked DNA markers. Therefore, before library screening can be done, the scientist must know either the DNA sequence of the gene, or a very similar gene, the protein that the gene produces, or a DNA marker that has been mapped very close to the gene. When the bacteria multiply and replicate the recombinant DNA, the number of gene copies also increases, making gene or protein detection easier.” http://agbiosafety.unl.edu/education/clone.htm

Human Need and Demand

The purpose of gene cloning is “often to yield large quantities of either an individual gene or its protein product when the gene is expressed.” (Allen, R. et al (2008). Yr13 Biology 2008 Student Resource/Activity Book, Hamilton, NZ: Biozone International Ltd). Genes have been cloned into bacteria for over twenty-five years. Cloned genes have been used in New Zealand laboratories for more than twenty years to isolate and study genes. (Nicol, C.. (2008). Research a Contemporary Biological Issue: Genetically Modified Organisms, Hamilton, NZ: AgResearch). Genetic engineering is made possible by the process of gene cloning - “The plasmids can be extracted for the next steps of genetic engineering, gene modification, and transformation. Gene cloning is also important because copies of a gene are needed for these procedures.” http://agbiosafety.unl.edu/education/clone.htm It is for this reason that the human need and demand for this process is very great.

Medical Applications: Produce Protein Products
“Once a gene has been isolated and inserted into a host organism, the host organism can be made into a biological factory to manufacture unlimited quantities of a protein product.” (Allen, R. et al (2008). Yr13 Biology 2008 Student Resource/Activity Book - Model Answers, Hamilton, NZ: Biozone International Ltd). For example: human insulin. The DNA fragment coding for the production of insulin in humans was inserted into a plasmid. This plasmid was then put into a bacterium, which reproduced, making thousands of bacteria that produce insulin. This insulin is then harvested and made available to people with diabetes.

Recombinant DNA technology can also be used to produce the “growth hormone for individuals with pituitary dwarfism and tissue plasminogen activator for heart attack victims.” (Nicol, C. (1999).Biotechnology and Society in New Zealand, Hamilton, NZ: AgResearch).

Also “recombinant DNA technology allows the production of cheaper, safer vaccines. All that is necessary to stimulate the immune response is the introduction of antigen into the body. Purified antigen can be extracted, using monoclonal antibodies, from bacteria into which virus antigen genes have been engineered. The virulent virus does not have to be grown at all during the production stage and the bacteria are easily and cheaply cultured.” (Burnet, L. (1988). Exercises in Applied Genetics. Scotland: Cambridge University Press

For further research and investigations: in order to continue genetic research, there will always be a need for gene cloning because it is such a primary process - it instigates many other processes. For example gene cloning is required to make transgenics for genetic research.

For applications in agriculture:

Gene cloning is responsible for instigating the modification of many crops to produce a particular characteristic or to remove undesirable traits such as toxins. For example, canola oil - the rapeseed plant was modified to remove a toxin to produce consumable oil that many people know as canola oil. (Nicol, C. (1999).Biotechnology and Society in New Zealand, Hamilton, NZ: AgResearch).

Applications in Industry:

Finding and isolating novel enzymes for industrial purposes is an important aspect of biotechnology. For example: the isolation of the taq polymerase enzyme, which is essential for the PCR technique. (Nicol, C. (1999).Biotechnology and Society in New Zealand, Hamilton, NZ: AgResearch).

The advantage of gene cloning is that it provides a pure sample of an individual gene, separated from all other genes in the cell. (Brown, T., (2001). Gene Cloning and DNA Analysis: An Introduction, Britain: Blackwell Publishing). Not only does the process of gene cloning produce a pure, isolated gene, but it can produce it in numerous quantities. This is an indispensable quality when it comes to applying gene cloning to the many needs and demands of the process. The only other process that can produce numerous, identical fragments of DNA is PCR, but the polymerase chain reaction would not be able to make a host cell produce the desired protein or express the characteristics, as gene cloning can.

Implications

Biological:

Potential human health impact: allergens, transfer of antibiotic resistance markers, unknown effects (http://www.ornl.gov/sci/techresources/Human_Genome/elsi/gmfood.shtml)
“In a shot gun experiment, there is little control over what DNA is being cloned. What if a highly pathogenic E. coli were made by accident, then escaped and caused an epidemic for which no drugs were available? Once released into the environment it might be impossible to eradicate the bacteria because they are self-replicating. What is more, they might pass on their recombinant plasmids by conjugation with other species of bacteria.” Burnet, L. (1988). Exercises in Applied Genetics. Scotland: Cambridge University Press

Environmental:

One potential environmental impact is the “unintended transfer of transgenes through cross-pollination.” This could be a serious implication because little is known bout how the other organisms in that environment will be effected, for example, “soil microbes and loss of flora and fauna biodiversity” http://www.ornl.gov/sci/techresources/Human_Genome/elsi/gmfood.shtml

Social:

The extent which gene cloning can affect future decisions - how far will gene cloning take society in the way of inserting or exchanging genes between different species of plants and animals? It appears that we can be as creative as we like, experimenting with differentcombinations of DNA. Will gene cloning allow people to manipulate DNA to an extent that we can become very selective of desirable genes and therefore desirable traits? “Some applications of human biotechnologies could lead to unwanted and even horrific outcomes if we fail to establish responsible cultural norms and effective public policies. It would be tragic if advances in human biotechnology were to wind up increasing our already shameful health disparities, targeting individuals or groups on the basis of their real or perceived genetic characteristics, or fostering efforts to produce genetically "superior" children.” Some researchers “have begun openly promoting the development and use of biotechnologies to manipulate the genetic characteristics of future children and "seize control of human evolution."” http://www.geneticsandsociety.org/article.php?list=type&type=59

Another social implication is that the “new advances may be skewed to interests of rich countries, “and therefore, “increasing the dependence on industrialised nations by developing countries,” because the production of the world's food is dominated by a few countries. http://www.ornl.gov/sci/techresources/Human_Genome/elsi/gmfood.shtml

Ethical:

It is questionable as to whether or not we are exploiting the host cells, by using them as biological factories in which many copies of a plasmid are made. The idea of “biopiracy—foreign exploitation of natural resources” has also been implemented by the advance in genetic development. This same source (http://www.ornl.gov/sci/techresources/Human_Genome/elsi/gmfood.shtml) describes it as, “violation of natural organisms' intrinsic values.” But it must also be noted that this source had points both supporting and opposing genetic modification. Two other points mentioned by the ‘genomics.energy.gov' site concerning ethical implications include: “tampering with nature by mixing genes among species” and “objections to consuming animal genes in plants and vice versa.”

Cultural:

Genes from different organisms that improve taste and nutritional value or provide resistance to particular types of disease can be used to genetically engineer food crops. http://www.policyalmanac.org/health/archive/cloning.shtml

Economic:

Originally, gene cloning was expensive, but overtime, has become more cost-effective as the needs and demands had increased, and as minor techniques have been implemented to short-cut the process. “The research necessary to produce satisfactory recombinant organisms is not particularly costly; the greatest expense is in scaling up processes for commercial production. Some products, like human growth hormone, are needed in such small quantities that drug companies may consider production to be uneconomical. If drugs are unprofitable, vaccines are even more likely to be so. Initially the demand for an effective vaccine will be high but as the pathogen finds fewer hosts in which to reproduce, the disease will become less frequent and the demand for the vaccine will fall. Another factor in the reckoning is that the countries which could most benefit from new vaccines, say against malaria, are least able to pay.” Burnet, L. (1988). Exercises in Applied Genetics. Scotland: Cambridge University Press

Opinions

Catholic Church:

There doesn't seem to be any information regarding gene cloning in the Catechism of the Roman Catholic Church; but after further investigation, I found a forum on which Catholics could discuss matters, such as this. The website for this forum is: http://forums.catholic.com/showthread.php?t=222529 The topic was quite broad: “Genetics: Cloning, Gene splicing, all that stuff--Need Help Defending Faith in School!”

After filtering through many posts, I found three that were reasonably specific to gene cloning and were consistent with each other. One member, ‘Koopa', on 2 March, 2008, posted, “the Church doesn't have any teaching on the issue of non-human cloning. I suppose it could be considered alright, but outside of theology, cloning does pose a threat to biodiversity.” Another member, jman507, on 3 March, 2008, posted: “I'm sure it would be permissible if it was done for therapeutic reasons as opposed to just something to improve something that isn't lacking. It would be important that it doesn't harm anyone, or is cruel to any animal. It would also be important to take a heavy consideration on to what ill-effects it could produce. That would play an even larger role as one moves from a very isolated population to one that can spread throughout an entire wild population. That matter would in general be one of prudence.” And finally, a third member, Roanoker, posted, “Cloning and gene splitting are not creating life. This kind of work has been going on for hundreds of years. One of the earliest pioneers in hybridization was a catholic monk. Gene spitting, etc., is just an extension of hybridization. We're trying to improve our environment and agriculture.”

I interpreted this to say that in the eyes of the church, ‘gene cloning' would be acceptable because it does not create life, or attempt to create life; only enhance abnormalities to improve our environment; only where it is lacking.

AgResearch: It undoubtedly safe to say that AgResearch supports the process of gene cloning, because they actively proceed with it in their laboratories. Mr. Colin Nicols states that, “There have never been any significant problems arising from gene cloning and manipulations.” Nicol, C. (2008). Research a Contemporary Biological Issue: Genetically Modified Organisms, Hamilton, NZ: AgResearch). Mr. Nicols may hold this position because he works for AgResearch, an institute which is highly involved in the investigations concerning gene cloning and genetic experimentation.

Ag Bio Safety: “Some critics of genetic engineering claim that the potential risk of providing an opportunity for organisms in nature to gain antibiotic resistance by taking up the plasmid outweighs the potential benefits of this technology.” http://agbiosafety.unl.edu/education/clone.htm

ME: I support the idea of gene cloning. For one thing, my grandmother is a diabetic and so without gene cloning, she would probably not live as long, because she requires an injection of insulin everyday. I support gene cloning because I love my nana, and don't want her to die incredibly soon, or have to pay large sums of money for the insulin from pigs or deceased humans. Gene cloning is a worthwhile process and has proved to be a useful technique in the development of vaccines, and the production of proteins (such as insulin). I don't object to gene cloning unless it is taken to extremes. I don't like the idea of putting animal genes into plants or plant genes into animals, because it is not a natural process that would have occurred without human interference. Even though I don't like the idea, I am willing to accept it, if it means the development of our social and physical environments; however I believe that it is important to ensure that ethics, values and morals are taken into consideration and are prioritized above the genetic development.

Evaluation:

The validity and bias of the sources used in the implications section.

The information provided by Colin Nicols is bias, in that it supports the use of gene cloning, because the institute that he works for - AgResearch, actively undertakes this procedure on a regular basis; and thus would appear or could be accused of being hypocritical if they did not support it. Their perspective is indeed valid; however it is debatable if some of the facts are as valid; due to the bias. For example: the line “there have never been significant problems arising from gene cloning and manipulation.” The word ‘significant' is what makes me question the validity of this statement. Also, no other sources could support it.

The information provided by the ‘Genetics and Society” website is very bias as it only mentions the extreme case of people manipulating DNA to an extent that people will be able to produce the ‘perfect child.' Their information is not very valid, because there is no scientific evidence to support the idea that this would ever happen. It seems that the author/s is concerned with the need to provide ‘public policies' against this.

The site that I gained most of the implications from (http://www.ornl.gov/sci/techresources/Human_Genome/elsi/gmfood.shtml) provides points from both sides of the argument, supporting and opposing; and therefore I don't believe it to be bias. The facts are consistent with other sources and so I would say that it provides valid facts.

Validity of forum posts could definitely be questioned because it has not be published or accredited. These posts would also be bias towards the views that the Catholic Church holds; which was my intention when selecting them.
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